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Pursuant to 37 C.F.R. §1. 730(c), this application is being filed by Wyeth, the 

patent owner. 

The requisite information pursuant to subparts (1) - (15) of 37 C.F.R. 
§1. 740(a) is as follows: 

(1) Identification of the Approved Product 

The approved product is a medical device, the CYPHER™ sirolimus-eluting 
Coronary Stent, which is a combination product comprised of two regulated components: a 
device (stent system) and a drug product. The device component consists of a stent 
mounted onto a stent delivery system. The drug component is sirolimus (also known as 
rapamycin). A coating of the drug component and inactive ingredients is adhered to the 
surface of the stent. 

(2) Identification of the Provision of Law under Which Regulatory Review 
Occurred 

Regulatory review occurred under Section 515 and 520 (g) of the Federal 
Food, Drug and Cosmetics Act. 

(3) The Date on Which the Product Received Permission for Commercial 
Marketing or Use under Section 515 of the Federal Food. Drug and 
Cosmetics Act. 

Approval under Section 515 of the Federal Food, Drug and Cosmetics Act 
was received on April 24, 2003. 



(4) Identification of Active Ingredient for Drug Products 

Identification of an active ingredient is not believed to be required as the FDA 
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approved product is a medical device, and not a "drug product", within the meaning of 35 
U.S.C. §156(f). 

For the sake of clarity, the approved product is a combination product 
comprised of two regulated components: a device (stent system) and a drug component. 
The drug component includes the active ingredient sirolimus (also known as rapamycin). 
Sirolimus has been previously approved under Section 505 of the Federal Food, Drug and 
Cosmetics Act for commercial marketing or use for the prevention of organ rejection 
following renal transplantation. 

(5) Statement of Timely Filing 

This application is being submitted within the sixty-day period permitted for 
submission pursuant to 37 C.F.R. § 1 .720 (f). The last day on which the application could 
be submitted is June 23, 2003. 

(6) Identification of the Patent 

The patent for which an extension is being sought is Morris et al. U.S. Patent 
No. 5,563,146, issued Octobers, 1996. The inventors are Randall E. Morris and Clare R. 
Gregory. The date of expiration of the patent is April 28, 2012, based on a terminal 
disclaimer, under which the term of this patent will not extend beyond the expiration date of 
Pat. No. 5,188,71 1. US Patent 5,188, 71 1 expires 20 years from its April 28, 1992 filing 
date. 

(7) Copy of Patent 

A copy of Morris et al. U.S. Patent No. 5,536,146, including the entire 
specification, claims and drawings is submitted herewith as Exhibit A. 
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(8) Copy of Disclaimer et al. 

Copies of the applicable terminal disclaimer and receipt of maintenance fee 
payment are attached hereto as Exhibits B and C. No certificate of correction or 
reexamination certificate have been obtained. 



(9) Statement Regarding Patent Claims 

The patent claims a method of using the approved product. 

The applicable claim is claim 1. which reads on the method of using the 



approved product as follows: 



Claim 1 of U.S. Patent No. 5,543,146 


Use of Approved Product 


A method of preventing restenosis in a 
mammal 


As reported in the Instructions for Use 
(IFU) and the Patient Information Guide 
for the CYPHER™ stent (a copy of which 
are attached hereto as exhibit D), in 
particular with respect to the results of 
the SIRIUS trial reported at Table 8-2 of 
the IFU, human patients receiving the 
approved product exhibited a significant 
reduction in the rate of binary restenosis 
and loss of mean lumen diameter. 


resulting from said mammal undergoing a 
vascular catheterization, vascular 
scraping, vascular surgery, or laser 
treatment procedure 


See IFU at Paragraph 12.5, step 2, 
where the operator is instructed to 
perform a vascular catheterization, 
predilating the vessel with a PTCA 
catheter. 


which comprises administering an 
antirestenosis effective amount of 
rapamycin to said mammal orally, 
parenterally, intravascularly, intranasally, 
intrabronchially, transdermally, rectally, or 
via a vascular stent impregnated with 
rapamycin. 


See IFU at p.3. The CYPHER™ stent is 
a vascular (coronary) stent having an 
effective amount of sirolimus (also 
known as rapamycin) adhered to the 
surface of the stent. In addition, the 
Sirolimus is administered intravascularly 
via a stent delivery catheter. 
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(10) Relevant Dates and Information Pursuant to 35 U.S.C. 156(g). 

The relevant dates and information sufficient to enable the Secretary of 
Health and Human Services to determine the regulatory review period under 35 U.S.C. 
§1 56(g) for a medical device are as follows: 

(A) The effective date of the investigational device exemption (IDE) was 
February 1, 2001 the date on which it received conditional approval. The 
IDE number was G000291/A1. 

(B) The application for product approval was initially submitted on June 28, 2002 
as Application No. P020026. 

(C) The application was approved on April 24, 2003 
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(11) Brief Description of the Significant Activities Undertaken bv the Marketing 
Applicant During the Regulatory Review Period with Respect to the Approved 
Product and the Significant Dates Applicable to Such Activities . 

The Marketing Applicant during the regulatory review period was Cordis 
Corporation, a wholly owned subsidiary of Johnson & Johnson. Cordis Corporation is the 
licensee of Wyeth regarding U.S Patent 5,563,146. 

The relevant significant communications of substance (all via letter unless 
othenwise noted) with the FDA and the dates related to such communications are identified 
below in tabular form: 



DATE 


TO 


FROM 


DESCRIPTION 


November 3, 2000 


FDA 


Cordis 


Submission of Investigative Device 
Exemption (IDE) 


December 6, 2000 


Cordis 


FDA 


Disapproval of IDE 


December 29,2000 


FDA 


Cordis 


IDE Amendment 


January 19, 2001 


FDA 


Cordis 


IDE Amendment 


February 1, 2001 


Cordis 


FDA 


Conditional approval of IDE 


February 9, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


February 20, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


February 21, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


March 22, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


March 28, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


April 19, 2001 


Cordis 


FDA 


Conditional approval of IDE 
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DATE 


TO 


FROM 


DESCRIPTION 










May 2, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


May 4, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


May 11, 2001 


Cordis 


FDA 


Conditional approval of IDE 


May 18. 2001 


FDA 


Cordis 


Submission of IDE Supplement 


May 21, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


May 25, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


June 20, 2001 


Cordis 


FDA 


Conditional approval of IDE 


June 21, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


June 25, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


June 27, 2001 


Cordis 


FDA 


Conditional approval of IDE 


July 20, 2001 


FDA 


Cordis 


Submission of IDE Supplement 


August 16, 2001 


Cordis 


FDA 


Approval of IDE 


June 28, 2002 


FDA 


Cordis 


Application for product approval 
(PMA) 


July 9, 2002 


FDA 


Cordis 


Submission of PMA Amendment 


iiiiw 1*^ onno 

July lO, zuuz 


FDA 


Cordis 


Submission of PMA Amendment 


July 24, 2002 


FDA 


Cordis 


Submission of PMA Amendment 


August 9, 2002 


FDA 


Cordis 


Submission of PMA Amendment 


August 14, 2002 


FDA 


Cordis 


Submission of PMA Amendment 


Auaust 26. 2002 


FDA 


Cordis 


Submission of PMA Amendment 
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DATE 


TO 


FROM 


DESCRIPTION 










September 3, 2002 


FDA 


Cordis 


Submission of PMA Amendment 


September 9, 2002 


FDA 


Cordis 


Submission of PMA Amendment 


September 26, 
2002 


FDA 


Cordis 


Submission of PMA Amendment 


October 3, 2002 


FDA 


Cordis 


Submission of PMA Amendment 


October 21, 2002 


FDA 


Cordis 


Submission of PMA Amendment 


uctoDer zuuz 


Meeting 




Circulatory System Device Panel 
Meeting 


December 13, 
2002 


FDA 


Cordis 


Submission of PMA Amendment 


December 31, 
2002 


FDA 


Cordis 


Submission of PMA Amendment 


reDruary 4, zuuo 


FDA 


Cordis 


Submission of PMA Amendment 


reDruary lo, ^uuo 


FDA 


Cordis 


Submission of PMA Amendment 


PaKn ior\/ 01 000*^ 

reDruary z i , zuuo 


FDA 


Cordis 


Submission of PMA Amendment 


reuruary zo, zuuo 


FDA 


Cordis 


Submission of PMA Amendment 


iviarcn o, zuuo 


FDA 


Cordis 


Submission of PMA Amendment 


iviarcn ^-u, zuuo 


FDA 


Cordis 


Submission of PMA Amendment 


Marrh OA 9nn'^ 


FDA 


Cordis 


Submission of PMA Amendment 




FDA 


Cordis 


Submission of PMA Amendment 


Anril 14 200? 


FDA 


Cordis 


Submission of PMA Amendment 


April 21. 2003 


FDA 


Cordis 


Submission of PMA Amendment 


April 24, 2003 


Cordis 


FDA 


Device Approval Letter 
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(12) Statement That the Patent Is Eligible for an Extension of 557 Days 

In the opinion of the Applicant, U.S. Patent No. 5,563,146 is eligible for an 
extension of 557 days: 

1. The term of U.S. Patent No. 5,563,146 has never been extended. 

2. The application for extension of patent term is submitted by Wyeth, the owner of the 
patent. 

3. The medical device has been subject to regulatory review prior to commercial 
marketing or use. 

4. The device received permission for commercial marketing on April 24, 2003 which is 
less than 60 days prior to the filing of this application. 

5. No other patent term has been extended for the same regulatory review period for 
this device. 



testing and approval periods, less one-half of the days in the testing period. In the present 
case, the pertinent dates are: 



The claimed extension of 557 days was determined as being the sum of the 



Patent issued: 



Octobers, 1996 



Testing period began: 



February 1, 2001 



Application submitted: 



June 28, 2002 



FDA approval: 



April 24, 2003 



Calculation of the total extension of time pursuant to 37 C.F.R. §1.777 is 



according to the formula: 



Period of Term Extension (PTE) = 1/2 (X - Di) + (Y - D2) 
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where: 

X = days of testing phase, 

Di = days where applicant did not act with diligence in testing phase, 
Y = days of approval phase, and 

D2 = days where applicant did not act with diligence in approval phase. 
Thus, where X is 514 days (from February 1, 2001 to the June 28, 2002 
application), Y is 300 days (from June 28, 2002 to April 24, 2003) and Di and D2 are 0: 

PTE = 1/2 (514 - 0) + (300 - 0); 
PTE = 557 days 

This term extension should run from the effective April 28, 2012 expiration date set by the 
terminal disclaimer. 37 C.F.R. §1. 777(a). 

The 14-year limit of 35 U.S.C. §156(c)(3) and 37 C.F.R. §1 .777(d)(3) does 
not affect the patent term extension. The extended period added to the April 28, 2012 
original patent expiration ends November6, 2013, which is before April 24, 2017 (14 years 
from the April 24, 2003 FDA approval). 

Inasmuch as the patent term extension is less than five years, the five year 
limit of 35 U.S.C. §156(g)(6)(A) and 37 C.F.R. §1.777(5) also does not affect the patent 
term extension. 

The 2-year limit of 35 U.S.C. §1 56(g)(6)(C) does not apply. U.S. Patent No. 
5,563,146 issued Octobers, 1996, which is after the date of enactment of 35 U.S.C. §156. 
(13) Acknowledgment of the Duty of Disclosure 

Applicant acknowledges a duty to disclose to the Director of the United States 
Patent and Trademark Office and the Secretary of Health and Human Services or the 
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Secretary of Agriculture any information material to the determination of entitlement to the 
extension sought. 



for extension Is submitted herewith. If the fee is determined to be higher or lower than that 
submitted herewith, the PTO is hereby authorized to charge or credit Deposit Account No. 
01-1425 for any such amount. 

(15) Contact for Inquiries and Correspondence 



extension are to be directed to: 

Thomas S. Szatkowski 
Wyeth 

Five Giralda Farms 
Madison, NJ 07940 
973-660-7649 



A Power of Attorney from Wyeth is attached as Exhibit E. 
(16) Duplicate Copies 

This application is being submitted herewith with two additional copies (for a 
total of three copies) pursuant to the requirements of 37 C.F.R. §1. 740(b). 



(14) Fee 



The prescribed $1 ,120.00 fee for receiving and acting upon the application 



Inquiries and correspondence relating to the application for patent term 




Thomas S. Szatkowski 
Registration No. 28,049 
Attorney for Applicant, Wyeth 



S;\PATENTS\BIOSHARE.PAT\S2atkowski\PatentTerm Extensionapplication6-19-03.doc 
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ABSTRACT 



This invention provides a method of preventing or treating 
hyperproliferative vascular disease in a mammal by admin- 
istering an antiproliferative efifective amount of rapamycin 
alone or in combination with mycophenolic add. 

4 Claims, No Drawings 
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METHOD OF TREATING 
HYPERPROLBFERATIVE VASCULAR 
DISEASE 

CROSS REFERENCE TO RELATED 5 
APPLICATIONS 

This is a continuation of application Sen No, 08/238,305 
filed May 12, 1994, .now U.S. Pat. 5,516,781 which is a 
continuation-in-part of U.S. Sen No. 07/980,000 filed Nov. lo 
23, 1992, abandoned, which is a continuation of U.S. Sen 
No. 07/819,314 filed Jan. 9. 199i2, abandoned. 
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Many individuals suffer from heart disease caused by a 
partial blockage pf the blood vessels that supply the heart 
with nutrients. More severe blockage of blood vessels in 
such individuals often leads to hypertwision, ischemic 
injury, stroke, or myocardial infarction. Typically vascular 
occlusion is preceded by vascular stenosis resultihg firom 
intimal smooth muscle cell hyperplasia. The underlying 
cause of the intimal smooth muscle cell hyperplasia is 
vascular smooth 'miiiscle injury and di^ption of the integ- 
rity of the endotheli^ lining. Tlie overall disease process can ^ 
be termed a hyperproliferative vascular disease because of 
the etiology of the disease proceSss. Intimal thickenihg fol- 
lowing arterial injury can be divided into three sequential 
steps: 1) initiation of smooth muscle ceD proliferation fol- 
lowing vascular injury, 2) smooth muscle cell -riiigratiori to ^ 
the intima, and 3) further proliferation of smooth muscle 
cells in the intima with deposition of matrix. Investigations 
of the pathogenesis of intimal thicketiing have shown that, 
- following arterial injury, platelets, endothelial cells, mac- 
rophages and smooth muscle cells release' paracrine and 
autocrine growth factors (such as platelet derived growth ^ 
factor, epidermal growth factor, insulin-like growth factor, 
and transforming growth factor) and cytokines that result in 
the smooth muscle cell proliferation and migration. T-cells 
and macrophages also migrate into the neointima. [Hauden- 
schild, C, Lab, Invest: 41:407 (1979); QoweSi A:, Cirv. Res. 
56: 139 (1985); Qowes, A., J. Cardiovas, Pharnu 14 (Suppl. 
6): S12 (1989); Manderson, J., Arterio. 9:289 (1989); For- 
rester. J., J. Am, Coll Cardiol 17:758 (1991)]. This cascade 
of events is not limited to arterial injury, but also occurs 
following injury to veins and arterioles. 

Vascular injury causing intimal thickening can be broadly 
categorized as being either biologically or mechanically 
induced Artherosclerosis is one of the most commonly 
occurring forms of biologically mediated vascular injury 50 
leading to stenosis. The migration and proliferation of 
vascular smooth muscle plays a crucial role in the pathoge- 
nisis of artherosclerosis. Artherosclerotic leSions include 
massive accumulation of lipid laden **foam cells" derived 
from monocyte/macrophage and smooth muscle cells. For- 55 
mation of "foam cell" regions is associated with a breech of 
endothelial integrity and basal lamina destruction. Triggered 
by these events, restenosis is produced by a rapid and 
selective proliferation of vascular smooth muscle cells with 
increased new basal lamina (extracellular matrix) formation go 
and results in eventual blocking of arterial pathways. 
[Davies. R E; Artherosclerosis Lab. Invest, 55:5 (1986)]. 

Mechanical injuries leading to intimal thickening result 
following balloon angioplasty, vascular surgery, transplan- 
tation surgery, and other similar invasive processes that 65 
di^pt vascular integrity. Intimal thickening following bal- 
loon catheter injury has been studied in animals as a model 



for arterial restenosis that occurs in human patients follow- 
ing balloon angioplasty. Clowes, Ferns, Reidy and others 
have shown that deendothelilization with an intraarterial 
catheter that cSlates ari artery injures the innermost layers of 
medial smooth muscle and may even kill some of the 
innermost cells. [Schwartz, S. M.. Human Pathology 18:240 
(1987); Fingerle, J., Atenosclerosis \Q:m%l (1990)] Injury 
is followed by a proliferation of thenieciial smooth muscle 
cells, aftei- which many of therh migrate into the intima 
through fenestrae in the internal elastic lamina and prolif- 
erate to form a neointimal lesion. 

Vascular stenosis can be detected and evaluated using 
angiogra^)hic or spnographic imaging techniques [Evans, R. 
G.,7AM4 265:2382 (1991)] and is often treated by percu- 
taneous transluminal coronary angioplasty (balloon cath- 
eterization). Within a few months following angioplasty, 
however, the blood flow is reduced in^proximately 30-40 
percent of these patients as a result of restenosis caused by 
a response to mechanical vascular injury suffered during the 
angioplasty procedure, as described above. [Pepine, C, 
Circulation 81:1753 (1990); Haidoff, R., J, Am, Coll Car- 
diol 15 1486 (1990)]. 

In an attempt to prevent restenosis or reduce intimal 
smooth muscle cell proliferiatipn following angioplasty, 
numerous pharmaceutical agents have been employed clini- 
cally, concurrent with or following angioplasty. Most phar- 
maceutical agents employed in an attempt to prevent or 
reduce the extent of restenosis have been unsuccessful. The 
following list identifies several of the^^agents for which 
favorable clinical results have been reported: lovastatin 
[Sahni, R., Circulation 80 (Suppl.) 65 (1989); Gellman, J., 
J, Am, Coll Cardiol 17:251 (1991)]; thromboxane 
synthetase inhibitors such as DP-1904 fVabe, Y., Circulation 
80 (Suppl.) 260 (1989)]; eicosapentanoic acid [Nye, E., 
Aust, N,Z J. Med. 20:549 (1990)]; ciprostene (a prostacycUn 
analog) [Demke, D., Brit. J. Haematol 76 (Suppl.): 20 
(1990); Darius, H., Eur. Heart 7.; 12 (Suppl.): 26 (1991)]; 
trapidil (a platelet derived growth factor) [Okamoto, S., 
Circulation 82 (Suppl.): 428 (1990)]; angiotensin converting 
enzyme inhibitors [Gottiieb, N., J, Am, . Coll Cardiol 17 
(Suppl. A): 1 8 1 A ( 1 99 1 )]; and low molecular weight heparin 
[de Vries. C, Eur, f/earr 7. 12 (Suppl.): 386 (1991)]. 

In an attempt to develop better agents for preventing or 
reducing smooth muscle proliferation and intimal thicken- 
ing, the use of balloori caiheter induced arterial injury in a 
variety of manmfials has been developed as a standard model 
of vascular injury that will lead to intimal thickeiung and 
eventual vascular narrowing. [Chevru^ A., Sur^. Gynecol 
Obstet. 171:443 (1990); Fishman. J., Lab. Invest. 32:339 
(1975); Haudenschild. Lab, Invest. 41:407 (1979); 
Qowes, A. W., Lab. Invest. 49:208 (1983); Clowes, A. W., 
y. Cardiovas. Pharm, 14:S12 (1989); and Ferns, G. A., 
Science 253:1129 (1991)]. Many compounds have been 
evaluated in this standard animal model. The immunosup- 
pressive agent cyclosporin A has been evaluated and has 
produced conflicting results. Jonasson reported that 
cyclosporin A caused an inhibition of the intimal prolifera- 
tive lesion following arterial balloon catheterization in vivo, 
but did not inhibit smooth muscle cell proliferation in vitro. 
[Jonasson, L., Proc.Natl Acad. ScL 85:2303 (1988)]. Ferns, 
however reported that when de-endothelilized rabbits were 
treated with cyclosporin A, no significant reduction of 
intimal proliferation was observed in vivo. Additionally, 
intinial accumulations of foamy macrophages, together witii 
a number of vacuolated smooth muscle cells in the region 
adjacent to the internal elastic lamina were observed, indi- 
cating that cyclosporin A may modify and enhance lesions 
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that form at the sites of arterial injury. [Ferns. G. A., 
Circulation 80 (Supp): 184 (1989)j Ferns. G., Am. / Path, 
137:403 (1990)]. 

I^pamiycin, a macrocyclic triene antibiotic produced by 
Strepto^es hygroscopicus [U.S:;;Pat. No. 3,9^9,992] has 
been shown to prevent the formation of humoral (IgE-like) 
antibodies in response to an.lalbunun alle:rgic,.clia]lenge 
[Martel. R., Con. J. PJiysiol Pfidmt 55:48 (1977)]. inhibit 
murine t-ceD activatipn [Staruch, M.. M5£B 3:3411 
(1989)], prolong survival time^of organ grafts iii histoin- 
compatible rodents [MoniSi R., Med. ScL Res. 17:877 
(1989)], and inhibit transplantation rejection in .mammals 
[Calne, R., European Patent Application 401 .747]. Rapamy- 
cin blocks calcium-dependent, calcium-independent, cy tok- 
ine-independent and constitutive T and B cell division at the 
Gl-S interface. Rapamydn inhibits gamma-interferon pro- 
duction induced by D-1 and also inhibits the ganuna-inter- 
feron induced expression of membrane aiitigeh. [Morris, R. 
E., Transplantation /fev. 6:39 (1992)]. The use of r^amycin 
in preventing coronary giraft atherosclerosis (CGA) in rats 20 
has- been disclosed by Meiser [J, Heart Limg' Transplant 
9:55 (1990)];- Arterial thickening following transplantation, 
knowri^as'GGA. is a limidhg^f actor in graft survival^ that is 
caused' by a chronic inmiuhblogical response to the trans- 
plantoi blood vessels by the transplant recipient's -immune 
systeni: {Dec. G, Transplantation Proa :B:2095 (1991) and 
Dunn, M. Loncc/ 339:1566 (1992)]. The disclosed invention 
is distinct from the use of rapamycih for preventing GGA. in 
that CGA does not involve injury to the recipients own blood 
vessels; it is a rejection type response. The disclosed inven- 
tion is related to vascular injury to native blood vessels. The 
resulting intimal smooth muscle cell proliferation dose not 
involve the immune system, but is growth factor mediated. 
For example, arterial intimal thickening after balloon cath- 
eter injury is believed to be caused by growth factor (PGDF, 
bFGF, TGFb, IL-1 and others )-induced smooth muscle cell 
proliferation and migration. [Ip, J. H., J. Am. Coll. Cardiol 
15:1667 (1990)]. Ferns has also shown that the immune 
response is not involved in arterial intimal thickening fol- 
lowing balloon catheterization, as he found that there was no 
difference in intimal thickening between arteries from athy- 
mic nude rats (rats lacking T-cells) and normal ,. rats after 
balloon catheterization [Am. J. Pathol. 138:1045 (1991)]. 

DESCRIFnON OF THE INVENTION « 

This invention provides a method of preventing op treat- 
ing hyperproliferative vascular disease in a maminal in need 
thereof by administOTiig an antiproliferative effective 
amount of rapamycin to said mammal orally, parenterally, 50 
intravascularly, intranasally, intrabronchially, transdermally, 
rectally, or via a vascular stent impregnated with rapamycin. 
- As such, rapiamycin is usefiil in treating intimal smooth 
muscle cell hyperplasia, restenosis; and vascular occlusion 
in a marhmal, particularly following either biologically or 55 
mechanically mediated vaiscular injury, or under conditions 
that would imlispose a mammal to suffering such a vascular 
injury. Biologically mediated vascular injury includes, but is 
not limited to injury attributed to infectious disorders includ- 
ing endotoxins and herpes vimses such as cytomegalovirus; 60 
metabolic disorders such as atherosclerosis; and vascular 
injury resulting from hypothermia, and : irradiation. 
Mechanically mediated vascular injury includes, but is not 
limited to vascular injury caused by catheterization proce- 
dures or vascular scraping procedures such as percutaneous 65 
transluminal coronary angioplasty; vascular surgery; trans- 
plantation surgery; laser treatment; and other invasive pro- 
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cedures which dismpi the integrity of the vascular intima or 
endothelium. Rapamycin is also useful in preventing intimal 
smooth muscle cell hyperplasia, restenosis, and vascular 
occlusion resulting from mechanically mediated injury. In 
particular, for the prevention of restenosis following a 
percutaneous transluminal coronary angioplasty procedure. 

Treating includes retarding the progression, arresting the 
development, as well as palliation. Preventing includes 
inhibiting the development of and.prophylacticly preventing 
of hyperproliferative vascular disease in a susceptible mam- 
mal. 

This invention also provides a method of using a combi- 
nation of rapamycin and mycophenolic acid for the same 
utilities' described above] Mycophenolic add, an antiprolif- 
erative antimetabolite, inhibits inpsine monophosphate 
dehydrogenase and guanosine monophosphate synthetase, 
enzymes in the de novo purine biosynthetic pathway. This 
results in an inhibition of DNA syrithesis which causes an 
accumulation of cells at the 'Gl-S interface. Other combi- 
nations containing r^amydh that are useful for preventing 
or treating hyperproliferative vascular disease will be appar- 
ent to one sldlled in the art These include, but are not limited 
to. using rapamydn in combination with other antiprolif- 
erative antimetabolites. 

The effect of rapamycin on hyperproliferative vascular 
disease was established in an in vitro and an in vivo standard 
pharmacological test procedure that emulates the hyperpro- 
liferative effects observed in mammals that are undergoing 
intimal smooth muscle proliferation and are thdefore devel- 
oping restenosis. Cycloporin A was also evaltuoied in thefse 
test prpoeduies for the piirpose of conaparison. The cotnbi- 
nation of rapamycin and mycppheriolic add was evaluated 
in the in vivo test pffocedure. The procedures and the results 
obtained are described below. 

Rapamydn and cyclosporin A were evaluated in an in 
vitro standard phamiacological test procedure which emu- 
lates the intimal smooth muscle cell proliferation observed 
following vascular injury. Results were obtained by mea- 
suring DNA and ptptein synthesis in rat smooth muscle cells 
that have been stimulated with a growth factor such as fetal 
calf serum or a hypertrophicmitogen, such as angiotensin n. 
The following briefly describes the procedure that was used. 
Rat smooth muscle cells weie maintained in a 1 : 1 mixture of 
defined Eagle's medium (DEM) and Ham's Fl 2 medium 
with 10% fetal calf seram, penidilin (100 U/nd-), strepto- 
mydn (100 mg/mL) and 25 mL Hepes at pH 7.4. Oells were 
incubated at 37° C. in a humidified atmosphere of 5% COj 
with media changes every 2-3 days. Each compound tested 
was diluted with an appropriate vehicle to obtain a 1 mM 
stock solution. Ethanol was used as the vehicle for rapamy- 
cin and 20% tween 80 in ethanol was the vehicle for 
cyclosporin A. Test concentrations of drug were obtained by 
diluting appropriate concentrations of stock solution with 
serum fre^ media. The smooth muscle cell culture was 
maintained in a defined serum free media containing 1:1 
DEM and Ham's F12 medium, insulin (5xlCr'^M), transfer- 
rin (5 ng/mL), and ascorbate (0.2 mM) for 72 hours before 
testing in a multi-well plate. After the 72 hour period, an 
appropriate quantity, of stock solution containing either 
rapamycin or cyclosporin A was added to the smooth muscle 
cell culture and media inixture. After a 24 hours the appro- 
priate growth factor was added. For the meastuement of 
DNA synthesis, ^H-thymidine was added at 12 hours after 
the growth factor was added, and the cells were harvested at 
36 hours. For the measuremcint of protein synthesis. ^H-leu- 
cine was added at 14 hours after the growth factor was 
added, and the cells were harvested at 18 hours. Hie amount 
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of incorporated radioactive label was measured on a scin- 
tillation counter. 

The following table shows the results obtained for rapa- 
mycin oh DNA and protein syntheisis in smooth muscle cells 
that were stimulated with 10% fetal calf scrum, as measured 5 
by incorporation' of tritiated thymidine or leucine into 
smooth muscle cells. The amount of tritiated label incorpo- 
rated by the smooth muscle cells that were treated with . 
media only was normalized to 100%, and the results for cells 
treated with fetal calf serum or: fetal calf serum plus the test |q 
compound are expressed as a percent comparison with the 
cells treated with media only. 



EFFECT OF RAPAMYCIN ON DNA AND 
PROTEIN SYi»miESIS IN SMOOTH CHi-S 
SnMULATED WITH FETAL CALF SERUM* 

; 'H-Thymidine ^H-Lcudnc 
. .Ittcorporation Incorporatton 
(% of Media) (% of Media) 



Media > . 100% 100% 

'FCS 495% 174% 

1000 nM RAP + FCS 136% 95% 

lOOnMRAP + FCS 172% 91% 

10 nM RAP + FCS 204% 74% 

1 nM RAP + FCS 403% 106% 



•Abbrtyialions: RAP = rapamydn; Media = defined scrum free media; and 
FCS = 10% fe^ calf scnim. ' ' : ■ 

T>e .following table shows the results obtained ifpr rapa- 
mydn pnjpirotdn s^ in smooth muscle cells thai were 
stiniSaied wffi^l aipgioteiusm as measured by ^ 

incprpoiadbn of ^tiatdl leudnb into smboth muscl^ cells. 
The atabiint of tritiated 1^1 incorporated by the smooth 
muscle cells that were treated with media only were nor- 
malized to 100%, and the results for cells treated with 
angiotensin or angiotensin plus the test compound are 35 
expressed as a percent comparison with the cells treated with 
media only. 



EFFECT OF RAPAMYCIN ON PROTEIN 

SYNTHESIS IN SMOOTH CELLS 
STIMinATED WTTH ANGIOTENSIN H* 



.^H-Leucine Incorporation 
. (% of Media) 



Media 


100% 




ANG 


■ 159% 




1000 nM RAP + ANG 


53%. - 




100 nM RAP + ANG 


57% 




lOnMRAP + ANG 


61% 




1 nM RAP + ANG 


60%" 





50 



^Abfareviaiions: RAP = r^)amycin; Media = defined serum firee media; and 
ANG = 10^ nM angiotcnsiD JL 



The results of the standard in vitro test procedure showed 
that rapamycin had a pronounced antiproliferative effect in 
the presence of FCS and an anti-hypertrophic effect in the 55 
presence of angiotensin U. Following vascular injury, DNA 
and protein synthesis of smooth muscle cells are necessary 
for the development of restenosis to occur. These results 
showed that rapamycin inhibited both DNA and protein 
synthesis in stimulated smooth muscle cells. An antiprolif- 60 
eralive effect was also observed with cyclosporin A; how- 
ever, at 1000 nM, cyclosporin A was cytotoxic and not 
merely cytostatic. At 1 000 nM, cyclosporin A caused lysis of 
the smooth muscle cells as evidenced by the presence of 
lactic acid dehydrogenase in, the supernatant of the cell 65 
culture. Similar toxicity to smooth muscle cells was not 
observed for rapamycin. 
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Rapamycini rapamycin plus mycophenolic acid, and 
cyclosporin A were evaluated in an in viyp standard phar- 
macological lest procedure that emulates the vascular injury 
suffered an0 restenosis that develops following percutane- 
ous translumm^ The abil- 
ity of a test compound to inhibit restenosis was deteiriiiihed 
by comp&ng intimal thickemng in mammals treated wijlh 
test comfibund following baflbon catheterization versus ihti- 
mal thickening in untreated conbol nMimmals aSter the same 
test procedure. iChevru. A.; Su/f . Gytiecdl Obstet: 171 :443 
(1990); Fishmani J., Lab, Invest 32:339 (1975); Haudens- 
child; G., LabC Invest. 41:407 (1979); Oowes, A. W., ImB. 
//ivej/. 49:208 (1983); Clowes; A. W., J. Cardiovas. Pharm, 
14:S12<1989); and Ferns, G. A-.^dencfi 253:1129 (1991)]. 
The following briefly describes the procedure that was used. 
The left carotid arteries of male Spiague-Dawley rats were 
injured with an inflated 2 Fr balloon catheter. During a 14 
day postoperative period, these rats were di vided into groups 
and treated daily with rapamycin (L5 mg/kg; i.p.), rapamy- 
cin plus mycpphenplic add (1 .5 mg^g; i.p.+4C!mg/kg; p.o.), 
or cyclosporin A (3, mg/kg; i.p.). TFreatnaent was adminis- 
tered on, days 0, to 13 postoperatively. Additionally, one 
group each sdso received rapamycin (6 nig/kg/day; Lp.) or 
cyclosporin A (40 mg/kg/day; i.p.) for two days postopera- 
tively, and then received no treatment for the next 12 days. 
An untreated group was used an injured control to establish 
the amount of intimal growth in jthp^ absence of treatment. 
The .flght carotid was used as an uninjured control in all 
groups: Aft^ the 14Tday period, the rats were sacrificed, the 
carotids removed. Hie mean areas of the intima and blood 
vessel wall were measured by moiphpmetiy. Results are 
expressed as an intima,. percent which can be expressed 
according to the following formula: 

area o f inrima .^n 

- — X 100 

area of vessel 

The following table shows the results that were obtained. 



EFFECT OF RAPAMYCIN ON INTIMAL 
THICKENING IN INJURED CAROTID 
ARTERIES (DAY 14)* 



Test Group Intima Percent ± SM. 



Uninjured Control 


0.00 ± 0.00 


Untreated Injured Control 


33.3 ± 19.66 


RAP (IS mg/kg • 14 days) 


6.78 ± 4.69 


RAP (6 mg/kg - X days) 


16.56 ± 6.22 


. RAP + MPA;(14 days) 


1.6 ±3.5 


CsA (3 Rig/k^ 14 days) 


26.46 ± 27.42 


CsA (40 mg/kg • 2 days) 


31.14 ±20.66 



^AbbxeviatipQS RAP ^ n^iamycin; MPA = myOTpfacnolic acid; and C^ = 
cyclosporin A, 



Tliese results show that treatment with rapamycin (1.5 
mg/kg for 14 days) resulted in an 80% decrease in the mean 
percentage intirnal thickening compared with the untreated 
injured control group. Similarly,, treatment with the combi- 
nation of rapaniycin and mycophenolic acid produced 
almost a complete inhibition of intimal thickening (95% 
reduction in intimal thickening conipared with untreated 
injured control). Cyclosporin A failed to produce any mean- 
ingful reduction in intimal thickening. 

Similar results were obtained when rapamycin was evalu- 
ated at different doses in the above in vivo standard phar- 
macological test procedure that emulates the vascular injury 
that occiu^ following a percutaneous transluminal coronary 
angioplasty procedure in humans. R^q^amydn was admin-- 
istered on postoperative days 0-13, and examination by 
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morphometry was performed on day 14. Rapamycin, at a 
dose of 1.5 and 3 mg/kg significantly airesled the develop- 
ment of restenosis as measured by thie intima perceint 14 days 
after balloon catheterization, whereas restenosis was clearly 
observed in the untreated injured control group. These 
results are sunmiarized in the table below. 



' EFFECT OF RAPAMYCIN ON INTIMAL 
THICKENING IN INJURED CAROTID 
ARTERIES <DAY 14) 


Group 


Dose 


treatment 
Days 


Intima 
Percent ± S.E. 


Uninjured Control 

Untxeated Injured 

Control 

Rapaniydn 

R^tamydn 

Rapamydn 


6 mg/kg 
3 ing/kg 
1.5 mg/kg 


0-13 
0-13 
0-13 


0.00 ± 0.00 
44il ±5.03 

30.9214,06 
22,68 ± 6.28 
21.89 ±4,2 
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The results of the in vitro and in vivo standard test 
procedures demonstrate that rapamycin and rapamycin in 
combination with mycophenolic acid are useful in treating 
hyperproliferative vascular disease. 

As such, rapamycin is useful in treating intimal smooth 
muscle <:cll hyperplasia, restenosis, and vascular occlusion 25 
in a mammal, particularly following either biologically or 
mechanically mediated vascular injury, or under conditions, 
that would pffedispose a mamnwl to suffering such a vascula^ 
injury. Biologically mediated vascular injury includes, but is 
not limted to injiury attributed to infectious disorders includ- 30 
ing endotoxim aiid herpes vinises such as cytorncgalovirus; 
metabolic disbrders such as atfierqsclierosis; and vascular 
injury resulting from 'hypothdMa, and irradiatibn. 
Mechanically mbdiat^ vascular injury includes, but is hot 
limited to vascular injury caused by catheterization proce- 
dures or vasdular icraping procedures such as percutaneous 
transluniinal (i»rbnary angioplasty; vascular suT;^ery; trans- 
plantation siiirgery; Isiser treatment; arid other invasive pro- 
cediircs whiich disrupt the integrity of the vascular intima or 
endothelium 

Rapamycin and rapamycin plus mycophenolic acid were 
also ev^uated in a inodification of the in vivo test procedure 
described above. In the rnodified lest procedure, treatment 
with tai]E)amyciii or rapamycin plus mycopheriblic acid were 
stopi^d on day 14, as kbovie, but the aiiimals were not 
sacrificed iriirne^ately. M observed 
when the aninials sacrificed 1, 2, 4 weeks, ^d 44 days 
after \ifeatnient had b6en stopped: Microscopic analysis 
showed that endotheliurn rejgeneration hiad not occiured 
during the two week treatment period. For example, 44 days 50 
after unda^oing balloon catheterization prbcedure'of the 
carotid artery, untreated injured coiitrbl rats had an intima 
percent (dES.E.) of 62.85±3.63, md rats treated with rapa- 
mycih+mycophenolic acid (1:5/40 mg/kg) 0*1 postoperative 
days 0-13 had an intima percerit (±S.E.) of 50.3Sht2.58. 55 
Better results were not obtained when the saniie regimen was 
administered on days Q-30 (intima percent (±S.E.) of 
53!5i5±2.85). Followiiig cessation of treatment with rapamy- 
cin or rapamycin plus mycophenolic acid intimal prolifera- 
tion, that was previously suppressed, was able to occur. 
These results are cohsistent with the results shown in the 
table abbve. in which treatment for 2 days with rapamycin 
followed by 12 days of no treatnient inhibited intimal 
thickening to a lesser degree than treatment with rapamycin 
for 14 days. These results are expected, as in the absence on 
an integral endothelial layer, the intimal smooth muscle cells 
will proliferate. It has been shown that intimal smooth 



muscle cell growth does not have an inhibitory effect on 
normal endothelial regeneration, and that intimal smooQi 
muscle cell proliferation ceases when the endothelial layer is 
established. [Reidy, M., Lab. invest 59:36 (1988); Chevru, 
A., Surg. Gynecol Obstet. 171:443 (1990); Fishman, J., Lab, 
Invest. 32:339 (1975); HaudenschUd, C, Lab, Invest. 4\:A01 
(1979)). As such, treatment' with rapamycin or rapamycin in 
combination with mycophenolic acid should be employed so 
long> as the beneficial effect as seen. As the degree of 
restenosis can be monitored by angiographic and sono- 
graphic techniques, the dosage necessary to sustain the 
opened vessels can be adjusted. 

To evaluate the ability of rapamycin and rapamycin plus 
mycophenolic add to prevent restenosis follo>yirig an angio- 
plasty procedure, rapamycin was eivaluated in the same in 
vivo standard pharmacologibal test procedure for restenosis 
that was described above, except that treatment with rapa- 
mycin began three days before (day -3) the angioplasty 
procedure was performed. The following table shows the 
results obtained on day 14 following balloon catheterization 
of the carotid artery on day 0. Results for treatment from day 
3 to 13 are also provided. 
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EFFECT OF RAPAMYCIN ON INTIMAL 
THICKE^aNG IN INJURED CAROTID 
ARTERIES (DAY 14) 


Group 


Dose 


Treatment 
Days . 


IntiTP? 
Feroem ± S£. 


Uniigured Control 

Untreated Injured 

Control 

Rapamycin 

Rapaznj^in 

R^jamycin . 

Rapamycin 


1.5 mg/kg 
1.5 mg/kg 
1.5 mg/kg 
Ij5 mg/kg 


-3-13* 
T.3-3 
-3-0 
3-13 


0.00 ± 0.00 
44J1±5.03 

9.85 ±1.15 
30:7 ± 6.67- 
3731 ± 4:33 
4438 ±5.49 



^Treatment from three days pre-ballbbn ciathietcrization to day 13 days 
post-cathctcrizaiion. ' 

The results in the table above show that rapamycin 
prevented the development of restenosis following a balloon 
angioplasty procedure of the carotid artery, when rapamycin 
was administered from three days pfe-angioplasty until day 
13. Treatnienlfrqm day mnus 3 uritil day 3 or day 0 afforded 
a lesser degree of prevention, and treatment from day 3 to 
day 13 did not prevent restenosis. 

The effect of rapamycin plus mycdpheholic acid (MPA) 
was also evaluated in the angioplasty standard pharmaco- 
logical lest procedure. The table below shows the results 
obtained where rats underwent a balloon catheterization 
procedure of the carotid artery on day 0, and were saaificed 
and examined morphometrically on day 44. The treatment 
regimen is described in the table. . 
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EFFECT OF RAPAMYCIN + MPA 
ON INTIMAL THICKENING IN INKHIED 
, CAROTID ARUERIES (DAY 44) 


Group 


Dose 


Tteaimcnt 
Days 


Intima 
Percent ± S.E 


Uninjmed Control 
Untreated Injured 
Control 

Rapamycm + MPA 
Rapamycin + MPA 
R^^amycxn + MPA 


40/13 mg/kg 
40/1.5 mg/kg 
40/1.5 mgflcg 


a-13 
0-30 
-3-13 


o.ob±o;bo 

6Z85 ± 3.63 

50.39 ± 2.58 
53 J5 ± 2.85 
18.76 ±10.6 



These results show that treatment with rapamycin and 
mycophenolic acid from day minus 3 to day 13, did eScc- 
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lively preyeni restenosis at day 44. whereas the regimens 
which did not include drug administration before the angio- 
plasty pn>cedure did not effectively prevent restenosis at day 
44. 

Similar results were obtained when rat thoracic aortas 
were subjected to a balloon catheterization procedure, as 
described above, on day 0. Hie rats were either sacrificed 
arid examined on day 14 or on day 44. The results obtained 
with rapamycin and rapamycin plus mycophenolic acid 
(MPA) are shown in the table below. 



EFFECT OF RAPAMYCIN AND 
RAPAMYCIN + MPA ON INTIMAL 
THICKENING IN INJURED THORAQC AORFAS 



10 



10 



Group 



Dose 



Tieatment 
Days 



Intiixia 
Peroent ± S.E 





Day 14 results 






Umnjiucd Gontrol 






0.00 ± 0.00 


Untreated Injured 






15.52 ± 2.99 


Control 








Rapamycin + MPA 


AO/IS mg/kg 


-3-13 


0.00 ± 0.00 




Day 44 Results 






Uninjured Control 






0.00 ±0.00 


Untreated Injured 






28.76 ± 6.52 


Control 








R^iamycin 


1.5 mg/Icg 


-3-13 


0.00 ± 0.00 


Rapamycin + MPA 


40/1.5 mg/kg 


-3-13 


8.76 ± 3.34 



EFFECT OF RAPAMYCIN + MPA 
ON INTIMAL THICKENING IN INJURED 
ABDOMINAL AORTAS (DAY 14) 


Group 


Treatment 
Dose Days 


Percent ± §.E. 


Umnjured Control 




0.00 ± 0.00 


Untreated Isjured 




10.17 ± Z42 


Comrol 






R^>aniycin + MPA 


40/1.5 mg/kg -3-13 


0.00 ± 0.00 



15 



20 



25 



The results in the table above show that treatment with 30 
r^amycin from 3 days preoperatively until 13 days post- 
operatively completely prevented the development of rest- 
enosis 44 days after a balloon catheterization of the thoracic 
aorta. Using the same treatment regimen, rapamycin plus 
mycophenolic acid completely prevented restenosis 14 days 35 
after balloon catheterization and significantly prevented 
restenosis 44 days following balloon catheterization. 

Similarly, day minus 3 to day 13 treatment with rapamy- 
cin plus inycophenolic acid completeiy prevented restenosis 
14 days afterbaljooncatheterizatonoftheabdomiiial aortas 40 
in rats. These results are shown in the table below. 



45 



50 



Hie results in the tables above show that rapamycin, alone 
or in combination with mycophenolic add, is useful in 55 
preventing restenosis following invasive procedures that 
disrupt the vascular endothelial lining, such as percutaneous 
transluminal coronary angioplasty, vascular catheterization, 
vasculM- scraping, vascular surgery, or laser treatment pro- 
cedures. These data also show that the administration of 60 
rapamycin, alone or in combination with mycophenolic acid, 
from 3 days pre-catheterization to 13 days post-cathetcriza- 
tion, allowed the endothelium to heal, while preventing 
intimal smooth muscle cell proliferation. That intimal pro- 
liferation did not occur 31 days after administration with 65 
rapamycin, alone or in combination with mycophenolic acid, 
had been stopped, demonstrates that the endothelial layer 



had regenerated, as intimal proliferation stops after the 
reestablishment of the endothelial layer. The reestablishment 
of an intact endothelial layer was confirmed by microscopic 
examination of the previously catheterized arteries after 
removal at 44 days. 

From the data above, it is particulariy preferred that 
treatment begin with rapamycin or rapamycin plus myco- 
phenolic acid before the procedure is performcil. and that 
treatment should continue, after the procedure has been 
performed. The length of treatment necessary to prevent 
restenosis will vary from patieint to patient For percutaneous 
transluminal angioplasty phx:edures, it is preferred that 
treatment be administered frorn 3 or more days before the 
procedure and continuing for 8 or more days after the 
procedure. It is more preferred that administration will be for 
3 or more days before the angioplasty procedure and con- 
tinuing for 13 or more days after the procedure. The same 
administration protocol is applicable when rapamycin, alone 
or in combination with mycophenolic add, is used to 
prevent restenosis following vascular cathetCTization, vas- 
cular scraping, vascular surgery, or laser treaunent proce- 
dures. 

When rapamycin is employed alone or in combination 
with mycophenolic add in the prevention or treatrnent of 
hyperproliferative vascular disease, it can be formulated 
neat or with a pharmaceutical carrier to a mammfll in need 
thereof. The pharmaceutical carrier may be solid or liquid. 

A solid carrier can indiide one or more substances which 
may also act as flavoring agents, lubricants, solubilizers. 
suspending agents, fillers, glidants. conqiression aids, bind- 
ers or t^let-disintegrating agents; it can also be an enc^- 
sulatirig rnaterial. In powders, the carrier is a finely divided 
solid which is in admixture with the finely divided active 
ingredieint. In tablets, the active ingredient is mixed with a 
carrier having the necessary compression properties in suit- 
able prpportipns arid conipacted in the shape and size 
desired. The pnowders and tablets preferably contain up to 
99% of the active ingredienL Siritable solid carriers include, 
for example, caldum phosphate, magnesium stearate, talc, 
sugars, lactose, dextrin, starch, gelatin, cellulose, methyl 
cellulose, sodium cartwxymethyl cellulose, polyvinylpyrro- 
lidine,.low meltmg waxes and ion exchange resins. 

Liquid carriers, arp used in preparing solutions, suspen- 
sions, emulsions, syrups, elixir^ and pressurized cboiposir 
tions. The active inj^edient can be dissolved or suspended in 
a pharmaceutically acceptable liquiii c^ such as water, 
an organic solvent, a mixture of both or phariiiaoeutically 
acceptable oils or fats. The'liquid carrier can contain other 
suitable pharmaceutical additives such as solubilizers, emul- 
sifiers, bufifers, preservatives, sweeteners, flavoring agents, 
suspending agents, thickening ageiits, colors, viscosity regu- 
lators, stabilizers or osmo-regiilatdrs. Suitable examples of 
liquid carriers for oral and parenteral administration include 
water (partially containing additives as above, e.g. cellulose 
derivatives, preferably sodium carboxymethyl cellulose 
solution), alcohols (including monohydric alcohols and 
polyhydric alcohols,, e.g. glycols) and their derivatives, and 
oils (e.g. fractionated coconut oil and arachis 6D), For 
parenteral admiiustmtion, the carrier can also be an oily ester 
such as ethyl oleate and isopropyl myristate. Sterile liquid 
carriers are useful in. sterile liquid form compositions for 
parenteral administratiort The liquid carrier for pressurized 
compositions can be halogenated hydrocarbon or other 
phannaccutically acceptable propellaht. 

Liquid pharmaceutical, compositions which are sterile 
solutions or suspensions can be utilized by, for example. 
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intramuscular, intraperitoneal or subcutaneous injection. 
Sterile solutions can also be administered intravenously. The 
compound can also be administered orally either in liquid or 
solid composition form. 

Rapamycin, alone or in combination with mycophenolic 5 
add, may be administered rectally in the form of a conven- 
tional suppository. For administration by intranasal or intra- 
bronchial inhalation or insufflation, the compounds of this 
invention niay be formulated into an aqueous or partially 
aqueous solution, which can then be utilized in the form of 
an aerosol. Rapamycin, alone or in combination with myco- 
phenolic acid, may also be administered transdermally 
through the use of a transdermal patch containing the active 
compound and a carrier that is inert to the active compound, 
is non toxic to the skin, and allows delivery of the agent for 
systemic absorption into the blood stream via the skin. The 
carrier may take any number of forms such as creams and 
ointments, pastes, gels, and occlusive devices. The creams 
and ointments may be viscous liquid or semisolid emulsions 
of either the oil-in-waler or water-in-oil type. Pastes com- 
prised of absorptive powders dispersed in petroleum or 
hydrophilic petroleum containing the active ingredient may 
also be suit^le. A variety of occlusive devices may be used 
to release the active ingredient into the blood stream such as 
a semipemMable membrane covering a reservoir containing ^5 
the active ingredient with or without a carrier, or a matrix 
containing the active ingredient Other occlusive devices are 
known in the literature. 

Ra^jamydn, alone or in combination with mycophenolic 
add can be administered intravascularly or via a vascular 
stent in^negnated with rapamydn, alone or in combination 
with mycophenolic add, during balloon catheterization to 
provide localized effects immediately following injury. 

Rapamycin, alone or in combination with mycophenolic 
add, may be administered topically as a solution, cream, or 
lotion by formulation with pharmaceutically acceptable 
vehicles containing 0.1-5 percent, preferably 2%, of active 
compound. 

The dosage requirements vary with the particular com- 40 
positions employed, the route of administration, the severity 
of the symptoms presented and the particular subject being 
treated. Based on the results obtained in the standard phar- 
macological test procedures, projected daily intravenous 
dosages of rapamycin, when administered as the sole active 45 
compound or in combination with* mycophenolic add, 
would be 0.001-25 mg/kg, preferably between 0.005-10 
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mg/kg. and more preferably between 0.01-5 mg/kg. Pro- 
jected daily oral dosages of rapamycin, when administered 
as the sole active compound or in combination with myco- 
phenolic acid, would be 0.005-50 mg/kg, preferably 
between 0.01-25 mg/kg, and more preferably between 
0.05-10 mg/kg. Projected daily intravenous dosages of 
mycophenolic acid, when used in combination with rapa- 
mydn, would be 0.5-75 mg/kg and preferably between 5-50 
mg/kg. Projected daily oral dosages of mycophenolic add, 
when used in combination with rapamydn, would be 1-75 
mg/kg and preferably between 10-50 mg/kg. 

Treatment will generally be initiated with small dosages 
less than the optimum dose of the compoimd. Thereafter the 
dosage is increased until the optimum effect under the 
drcumstances is reached; predse dosages for oral, 
parenteral, intravascular, intranasal, intrabronchial, transder- 
mal, or rectal administration will be determined by the 
administering physidan based on experience with the indi- 
vidual subject treated. In general, r^amydn is most desir- 
ably administered at a concentration that will generally 
afford effective results without causing any harmful or 
deleterious side effects, and can be administered either as a 
single unit dose, or if desired, the dosage may be divided 
into convenient subunits administered at suitable times 
throughout the day. 

What is claimed is: 

1. A method of preventing restenosis in a manmial result- 
ing from said mammal undergoing a vascular catheteriza- 
tion, vascular scraping, vascular surgery, or laser treatment 
procedure which comprises administering an antirestenosis 
effective amount of rapamydn to said mammal orally, 
parenterally intravascularly, intranasally, intrabronchially, 
transdermally, rectally, or via a vascular stent impregnated 
with rapamycin. 

2. The method according to claim 1, wherein the admin- 
istration of the rapamydn is initiated before the mammal 
undergoes the procedure. 

3. The method according to claim 2, wherein the rapa- 
mycin is administered for 3 or more days before the mammal 
undergoes the procedure and said administration continues 
for 8 or more days following the procedure. 

4. The method according to claim 3, wherein the rapa- 
mydn is administered for 13 or more days following the 
procedure. 

* * « « * 
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Instructions for Use 

CYPHER™ Sirolimus-eluting Coronary Stent on RAPTOR™ 
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Rapid Exchange Delivery System 
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Caution: Federal (USA) law restrictWfis device to sale by or on the order of a physician. 



1. Product Description 

The CYPHER™ Sirolimus-eluting Coronary Stent (CYPHER Stent) is a combination product comprised of two regulated components: a 
device (a stent system) and a drug product (a formulation of sirolimus in a polymer coating). 

1.1. Device Component Description 

The device component consists of a stent mounted onto a stent delivery system (SDS). The physical characteristics of the device 
component are shown in Table 1-1. 



Table 1-1: Device Component Description 





CYPHER™ Sirolimus-eluting Coronary Stent 
on RAPTOR™ Over-the-WIre (OTW) Stent 
Delivery System 


CYPHER™ Sirolimus-eluting Coronary Stent 
on RAPTORRAIL* Rapid Exchange (RX) 
Stent Delivery System 


Available Stent Lengths, 
unexpanded (mm): 


8, 13. 18,23,28.33 


8. 13, 18, 23, 28. 33 


Available Stent Diameters (mm): 


2,50, 2.75, 3.00. 3.50 


2.50. 2.75. 3.00, 3.50 


Stent Material: 


Etectropolished stainless steel (316L), laser-cut from seamless tubing in a sinusoidal pattern coated 
with a polymer and sirolimus mixture. 


Stent Geometry: 


Six circumferential cells (2.50 - 3.00 mm stents) or 
Seven circumferential cells (3.50 mm stents) 


Nominal Stent Foreshortening: 


< 1 mm 


Delivery System Usable Length: 


145 cm 


137 cm 


Delivery System Y-Adapter Ports: 


Y-Connector (Side arm for access to balloon 
inflation/deflation lumen. Straight arm is 
continuous with shaft inner lumen - designed 
for guidewire < 0.014" (0.36 mm).) 


Single access port to the inflation lumen. 
A guidewire exit port is located at 28 cm 
from the tip. Designed for guidewire 
< 0,014" (0.36 mm). 


Stent Delivery Balloon: 


Single-layer nylon, nominally 2 mm longer than stent. Mounted stent length and location is defined 
by 2 platinum-iridium radiopaque mariner bands. 


Balloon Inflation Pressure: 


Nomina) pressure: 11 atm (1115 ItPa) 
Rated burst pressure: 16 atm (1621 kPa) 


Guiding Catheter Inner Diameter: 


> 0.067'* (1-7 mm) 


> 0.056" (1,4 mm) for 2.50 - 3.00 mm 

> 0.067" (1 ,7 mm) for 3.50 mm 


Catheter Shaft Outer Diameter: 


3.3F (1.10 mm) proximaliy, 
2.7F (0.90 mm) distally. 


2.3F (0.75 mm) proximally; 2.6F (0.85 mm) distally 
(0 up to 3.00 mm); 2.9F (0.95 mm) distally (0 > 
3.00 mm). 



1.2. Drug Component Description 

The active ingredient in the CYPHER Sirolimus-eluting Coronary Stent is sirolimus (also known as rapamycin), Sirolimus is a 
macrocyclic lactone produced by Streptomyces hygroscopicus. The chemical name of sirolimus (also known as rapamycin) is 
{35,6/?,7£;9/?.10/?,12/?.145,15£;i7£;i9£;215,235,26/?.27/?,34a5)-9,10,12.13,14,21, 22.23.24,25,26.27.32.^ 
hexadecahydro-9,27-dihydroxy-3-[(1/i)-2-[(15.3/i:4/v)-4-hydroxy-3-methoxycydohexyl)-1-methylethyl]-10.21-dimetho 
6.8,12,14,20,26-hexamethyl-23,27-epoxy-3/7tpyrido[2,1-r][1 ,4] oxaazacyclohentriacontine-1, 5,1 1,28,29 (4//6/j;31 /7)-pentone. Its 
molecular formula is Cs^Hy^NO^j and its molecular weight is 914.2, The structural formula of sirolimus is shown below: 
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Sirolimus is a white to off-white powder and is insoluble in water, but freely soluble in benzyl alcohol, chloroform, acetone, and 
acetonitrile. Please refer to Table 1-2 for the nominal dosages of sirolimus on the CYPHER Sirolimus-eluting Coronary Stents. 
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The inactive Ingredients in the CYPHER Sirolimus-eluting Coronary Stent contain parylene C^nd the following two non-erodible 
polymers: polyethylene-co-vinyl acetate (PEVA) and poly n-butyl methacrylate (PBMA). A combination of the two polymers mixed 
with sirolimus (67%/33%) maizes up the basecoat formulation which is applied to a parylene C treated stent. A drug-free topcoat of 
PBMA polymer is applied to the stent surface to control the release kinetics of sirolimus. The drug/polymer coaUng Is adhered to the 
entire surface (i.e., luminal and abluminal) of the stent. The structural fomiulae of the polymer subunits are shown below: 
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Table 1-2: CYPHER SlrolImus-eluting Coronary Stent System 
Product Matrix & Nominal Sirolimus Dosages 



Product Code 


Nominal 
Expanded 
Stent ID 
(mm) 


Nominal 
Unexpended 
Stent Length 
(mm) 


Nominal 
Sirolimus 
Content 
(MO) 


Product Code 


Nominal 
Expanded 
Stent ID 
(mm) 


Nominal 
Unexpended 
Stent Length 
(mm) 


Nominal 
Sirolimus 
Content 

(pg) 


OTW 


RX 


OTW 


RX 


CWS08250 


CXS08250 


2.50 


8 


71 


CWS23250 


CXS23250 


2.50 


23 


190 


CWS08275 


CXS08275 


2.75 


8 


71 


CWS23275 


CXS23275 


2.75 


23 


190 


CWS08300 


CXS08300 


3.00 


8 


71 


CWS23300 


CXS23300 


3.00 


23 


190 


CWS08350 


CXS08350 


3.50 


8 


83 


CWS23350 


CXS23350 


3.50 


23 


221 


CWS13250 


CXS13250 


2.50 


13 


111 


CWS28250 


CXS28250 


2,50 


28 


229 


CWS13275 


CXS13275 


2.75 


13 


111 


CWS28275 


CXS28275 


2.75 


28 


229 


CWS13300 


CXS13300 


3.00 


13 


111 


CWS28300 


CXS28300 


3.00 


28 


229 


CWS13350 


CXS13350 


3.50 


13 


129 


CWS28350 


CXS28350 


3.50 


28 


268 


CWS18250 


CXS18250 


2.60 


18 


150 


CWS33250 


CXS33250 


2.50 


33 


268 


CWS18275 


CXS18275 


2.75 


18 


150 


CWS33275 


CXS33275 


2.75 


33 


268 


CWS18300 


CXS18300 


3.00 


18 


150 


CWS33300 


CXS33300 


3.00 


33 


268 


CWS18350 


CXS18350 


3.50 


18 


175 


CWS33350 


CXS33350 


3.50 


33 


314 



2. Indications 

The CYPHER Sirolimus-eluting Coronary Stent Is indicated for improving coronary luminal diameter in patients with symptomatic ischemic 
disease due to discrete efe /?oyo\es\or\s of length < 30 mm in native coronary arteries with a reference vessel diameter of > 2.5 to < 3.5 mm. 

Long-term outcome (beyond 12 months) for this permanent implant is unknowm at present. 

3. Contraindications 

Use of the CYPHER Sirolimus-eluting Coronary Stent is central ndicated in the following patient types: 
Patients with a hypersensitivity to sirolimus or its derivatives. 
Patients with a known hypersensitivity to polymethacrylates or polyolefin copolymers. 

Coronary artery stenting is contra indicated for use in: 

Patients in whom antiplatelet and/or anticoagulation therapy is contraindicated. 

Patients judged to have a lesion that prevents complete inflation of an angioplasty balloon. 

4. Warnings 

Please ensure that the inner package has not been opened or damaged as this may indicate the sterile bamer has been breached. 
The use of this device carries the risks associated with coronary artery stenting, including subacute thrombosis, vascular 
complications, and/or bleeding events. 

Patients with a known hypersensitivity to 31 6L stainless steel may suffer an allergic reaction to this implant. 

5. Precautions 

5.1. General Precautions 

Only physicians who have received adequate training should perform implantation of the stent. 

Stent placement should only be performed at hospitals where emergency coronary artery bypass graft surgery can be 

readily performed. 

Subsequent stent blockage may require repeat dilatation of the arterial segment containing the stent The long-term 
outcome following repeat dilatation of endothelial ized stents is not well characterized. 

To avoid the possibility of dissimilar metal corrosion, do not implant stents of different materials in tandem where overiap or 
contact is possible. 

Do not use Ethiodol or Lipiodol contrast media. 

Do not expose the delivery system to organic solvents, such as alcohol, or detergents. 

5.2. Use of Multiple Stents 

The extent of the patient's exposure to drug and polymer is directly related to the number of stents implanted. Use of more than two 
CYPHER Stents has not received adequate clinical evaluation. Use of more than two CYPHER Stents will result in the patient 
receiving larger amounts of drug and polymer than the experience reflected in the clinical studies. 

5.3. Brachytherapy 

The safety and effectiveness of the CYPHER Stent in patients with prior brachytherapy of the target lesion have not been 
established. The safety and effectiveness of use of brachytherapy to treat in-stent restenosis in a CYPHER Stent have not been 
established. Both vascular brachytherapy and the CYPHER Stent alter arterial remodeling. The synergy between these two 
treatments has not been determined. 



^ Ethiodol and Lipiodol are trademarks of Guerbet, S.A. 



5.4. Use In Conjunction wtth Other Procedures 

The safety and effectiveness of using mechanical atherectomy devices (directional atherectomy catheters, rotational atherectomy 
catheters) or laser angioplasty catheters in conjunction with CYPHER Stent implantation have not been established. 

5.5. Use In Special Populations 

5.5.1. Pregnancy: Pregnancy Category C. See Drug Information - 6.6 Pregnancy. 

There are no adequate and welt controlled studies in pregnant women. Effective contraception should be initiated before 
implanting a CYPHER Stent and for 12 weeks after implantation. The CYPHER Stent should be used during pregnancy 
only if the potential benefit outweighs the potential risk to the embryo or fetus. 

5.5.2. Use during lactation: See Drug Information - 6.7 Lactation. A decision should be made whether to discontinue 
nursing or to Implant the stent, taking into account the importance of the stent to the mother. 

5.5.3. Pediatric use: The safety and efficacy of the CYPHER Stent in pediatric patients below the age of 1 8 years have not 
been established. 

5.5.4. Geriatric use: Clinical studies of the CYPHER Stent did not find that patients age 65 years and over differed with 
regard to safety and efficacy compared to younger patients. 

5.6. LesionA^essel Characteristics 

The safety and effectiveness of the CYPHER Stent have not been established in the following patient populations: 
Patients with unresolved vessel thrombus at the lesion site. 
Patients with coronary artery reference vessel diameter < 2.5 mm or > 3.5 mm. 

Patients with lesions located in the left main coronary artery, ostial lesions, or lesions located at a bifurcation. 

Patients with diffuse disease or poor overflow distal to the identified lesions. 

Patients with tortuous vessels in the region of the obstruction or proximal to the lesion. 

Patients v^th a recent acute myocardial infarction where there is evidence of thrombus or poor flow. 

5.7. Drug Interactions 

Several dnjgs are known to affect the metatxilism of sirolimus, and other drug interactions may be inferred from known metat>olic 
effects. Sirolimus is known to be a substrate for bo\h cytochrome P450 IIIA4 (CYP3A4) and P-gtycoprotein. See Drug Information - 
6.4 Drug Interactions Following Oral Administration of Sirolimus for more specific information. 

Consideration should be given to the potential for drug interaction when deciding to place a CYPHER Stent in a patient who is taking 
a drug that could interact with sirolimus, or when deciding to initiate therapy with such a drug in a patient who had recently received a 
CYPHER Stent. The effect of drug interactions on the safety or efficacy of the CYPHER Stent has not been determined. 

5.8. Coronary Artery Surgery - Effect on Anastomoses 

There have been rare reports of bronchial anastomotic dehiscence of transplant anastomoses in lung transplant patients who were 
receiving oral sirolimus therapy. In a vessel that has recently been implanted with a CYPHER Stent, the sirolimus concentrations are 
expected to be several fold higher than systemic sirolimus concentrations. Therefore, consideration should be given to the possibility 
that the presence of a CYPHER Stent may compromise the healing of coronary artery vascular anastomoses. No such event was 
observed in the very limited experience from clinical trials. 

5.9. Immune Suppression Potential 

Sirolimus, the active ingredient of the CYPHER Stent, is an immunosuppressive agent that is also available in oral fonmulations. The 
mean peak systemic blood concentratkin of sirolimus following placement of up to two CYPHER Stents (1.05 ng/ml) is substantially 
lower than the therapeutic concentrations usually obtained when sirolimus oral formulations are used as prophylaxis for renal 
transplant rejection (see Drug Information - Pharmacokinetics (6.2)). In clinical studies of CYPHER Stents when used according 
to its intended use, there were no reports of immune suppression. However, for patients who receive several CYPHER 
Stents simultaneously, it may l>e possible for systemic concentrations of sirolimus to approach immunosuppressive levels 
temporarily, especially in patients who also have hepatic insufficiently or who are taking drugs that inhibit CYP3A4 or P-g!ycoprotein, 
This possibility should be considered for such patients, particularly if they are also taking oral sirolimus (or rapamycin), other 
immunosuppressive agents, or are otherwise at risk for immune suppressk}n. 

5.10. Lipid Elevation Potential 

The use of oral sirolimus in renal transplant patients was associated with increased serum cholesterol and triglycerides that in some 
cases required treatment. The effect was seen with both low and high dose prolonged oral therapy in a dose related manner. When 
used according to the indications for use, the systemic sirolimus concentrations from the CYPHER Stent are expected to be lower 
than the concentrations usually obtained in transplant patients, but the magnitude and duration of any effect of those concentrations 
on lipids is not known. 

5.1 1 . Magnetic Resonance Imaging (MRI) - Stent Migration 

An MRI scan should not be performed on a patient after stent implantation until there is adequate neointimal Investment of the stent 
because of a potential for stent migration. For a conventional uncoated 31 6L stainless steel stent this period is usually considered to 
be eight weeks. Because of the reduced neointimal formation associated with the CYPHER Stent, the period of vulnerability may be 
longer, but there is currently insufficient information to provide a specific recommendation. 

5.12. Stent Handling Precautions 

For single use only. Do not resterilize or reuse this device. Note the "Use By" date on the product label. 

Do not remove the stent from the delivery balloon ~ removal may damage the stent and/or lead to stent 

embolization. The stent system is intended to perform as a system. 

Do not induce a vacuum on the delivery system prior to reaching the target lesion. 

Special care must be taken not to handle or in any way disrupt the stent on the balloon. This is most important while 
removing the catheter from the packaging, placing it over the guidewire, and advancing it through the large-bore rotating 
hemostatic valve and guiding catheter hub. 

Stent manipulation (e.g., rolling the mounted stent with your fingers) may loosen the stent from the delivery system balloon 
and cause dislodgment. 

Use only the appropriate balloon inflation media. Do not use air or any gaseous medium to inflate the balloon as this may 
cause uneven expansion and difficulty in deployment of the stent. 

5.13. Stent Placement Precautions 

Do not prepare or pre-inflate the balloon prior to stent deployment other than as directed. Use the balloon purging 
technique described in Section 12 - Operator's Manual. 

Guiding catheters used must have lumen sizes that are suitable to accommodate the stent delivery system (see Product 
Description - 1.1 Device Component Description). 

Do not induce a negative pressure on the delivery catheter prior to placement of the stent across the lesion. This may 
cause premature dislodgment of the stent from the balloon. 
• Although the stent delivery balloon catheter is strong enough to expand the stent without rupture, a circumferential tear of 

the carrier balloon distal to the stent and prior to complete expansion of the stent could cause the balloon to become 
tethered to the stent, requiring surgical removal. In case of rupture of the balloon, it should be withdrawn and, if necessary, 
a new balloon catheter exchanged over the guidewire to complete the expansion of the stent. 
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Implanting a stent may lead to a dissection of the vessel distal and/or proximal to the stented portion and may cause acute 
closure of the vessel requiring additional intervention (CABG, further dilatation, placement of additional stents, or other 
intervention). 

Do not expand the stent if it is not properly positioned in the vessel. (See Precautions - 5.14 Stent/System Removal 
Precautions.) 

Placement of the stent has the potential to compromise side branch patency. 

Balloon pressures should t>e monitored during inflation. Do not exceed rated burst pressure as indicated on the 

product label. (See inflation Pressure Recommendations in Table 12-1.) Use of pressures higher than those specified 

on the product label may result in a ruptured balloon with possible intimal damage and dissection. 

Do not attempt to pull an unexpended stent back through the guiding catheter, as dislodgment of the stent from 

the balloon may occur. Remove as a single unit per instructions in Precautions - 5.14 Stent/System Removal 

Precautions. 

Stent retrieval methods (use of additional wires, snares and/or forceps) may result In additional trauma to the coronary 
vasculature and/or the vascular access site. Complications may include bleeding, hematoma, or pseudoaneurysm. 
Ensure full coverage of the entire lesion/dissection site so that there are no gaps between stents. 

5.14. Stent/System Removal Precautions 

Should unusual resistance be felt at any time during either lesion access or removal of the stent delivery system before stent 
implantation, the entire system should be removed as a single unit. 

When removing the delivery system as a single unit: 

Do not retract the delivery system into the guiding catheter. 

Advance the guidewire into the coronary anatomy as far distally as safety possible. 

Tighten the rotating hemostatic valve to secure the stent delivery system to the guiding catheter, then remove the guiding 
catheter and stent delivery system as a single unit 

Failure to follow these steps or applying excessive force to the stent delivery system can potentially result in loss or damage to the 
stent or stent delivery system. 

If it is necessary to retain the guidewire in position for subsequent artery/lesion access, leave the guidewire in place and remove all 
other system components. 

5.15. Post Implantation Precautions 

Great care must be exercised when crossing a newly deployed stent with an intravascular ultrasound (iVUS) catheter, a 
coronary guidewire or balloon catheter to avoid disrupting the stent geometry. 

Do not perfomri a magnetic resonance imaging (MRI) scan on a patient after stent Implantation until there is adequate 
neointimal investment of the stent (see Precautions -5.11 Magnetic Resonance Imaging (MRI) - Stent Migration). The 
stent may cause artifacts in MRI scans due to distortion of the magnetic field. 

6. Drug Information 

6.1 . Mechanism of Action 

The mechanism (or mechanisms) by which a CYPHER Stent affects neointima production as seen in clinical studies has not been 
established. It is known that sirolimus inhibits T-lymphocyte activation and smooth muscle and endothelial cell proliferation in 
response to cytokine and growth factor stimulation. In cells, sirolimus binds to the immunophilin, FK Binding Protein-12 (FKBP-12). 
The sirolimus-FKBP-12 complex binds to and Inhibits the activation of the mammalian Target of Rapamycin (mTOR), leading to 
inhibition of cell cycle progression from the to the S phase. 

6.2. Pharmacokinetics of the CYPHER Si rolimus-e luting Coronary Stent 

The pharmacokinetics of sirolimus as delivered by the CYPHER Sirolimus-eluting Coronary Stent has been determined in patients 
with coronary artery disease after implantation of 1 (n=10) or 2 (n=9) CYPHER Stents. The parameters determined from patients 
receiving 1 and 2 CYPHER stents are provided in Table 6-1. 



Table 6-1: Whole Sirolimus Pharmacokinetic Parameters in Patients after Implantation of CYPHER SIrolimus-eluting Coronary Stents 



Number 




Dose 




c 

fliai 




AUC 


CL 


of Stents 


Statistic 


(M9) 


(h) 


(ng/ml) 


• (h) 


(ng*h/ml) 


(ml/h/kg) 


1 


Mean 


161 


3.90 


0.57 


206 


127 


17.7 


(n=10) 


SD 


15 


2.38 


0.12 


92 


51 


7.5 


%CV 


9.09 


61.0 


20.5 


44.8 


40.3 


42.2 




Range 


149-178 


1-6 


0.43-0.77 


111-354 


58-225 


6.22-29.2 


2 


Mean 


315 


3.24 


1.05 


220 


227 


17.1 


(n=9) 


SD 


25 


3.59 


0.39 


106 


58 


5,3 


%CV 


7.84 


111 


37.4 


48.3 


25.7 


31.2 




Range 


299-355 


1.05-12.2 


0.51-1.66 


131-486 


149-307 


9.31-24.5 



t = time peak concentration occurs; C^ = peak blood concentration; t^^=terminal-phase hatf-life; AUC=area under the concentration-time 
curve; CL=total blood clearance 



The results in Table 6-1 show that C^, and AUC were closely dose-proportional over a 2-fold range in doses. The blood levels after stent 
implantation were 10 to 20 fold loweMhan what was observed after oral administration of sirolimus in either healthy volunteers or transplanted 
patients. The mean ± SD sirolimus terminal half-life (t,„) after stent implantation for the combined groups (n = 19) was 213 ± 97 h. By 
comparison, the mean ± SD sirolimus t,^ values after single dose administration of sirolimus by oral solution in healthy subjects (n = 305) and renal 
transplant patients (n = 81) were 72.9 ± 19.3 h and 58.2 ± 19.2 h, respectively. The apparent discrepancy in half-lives after stent implantation and 
oral administration is due to the fact that the decline in terminal sirolimus concentrations reflects the release of sirolimus from the stent and not 
elimination of sirolimus from the body. 

6.3 Pharmacokinetics Following Oral Administration of Sirolimus 

Sirolimus pharmacokinetic activity has been determined following oral administration in healthy subjects, pediatric dialysis patients, 
hepatically-impaired patients, and renal transplant patients. Table 6-2 provides a summary of the descriptive statistics for the 
maximum whole blood sirolimus pharmacokinetic exposure, based on t^,. C^and AUC. 



Table 6-2: Pharmacokinetic Parameters (mean ± SD) in Healthy Subjects. RenafTransplant Patients 
and Patients with Hepatic Impairment Following Oral Administration of SIrollmus 



Patient Status(n) 


Dose 


(hours) 


C^^(ng/ml) 


AUG (ng»h/ml) 


Healthy (n=1 8) 


1 5 mg single dose 

Ufa! SMJIUllOn 


0 R? + 0 17 


78.2 ± 18.3 


970 ± 272 


Renal Transplant (n=19) 


2 mg/day multiple dose 

nml QTtliitinn 


3.01 ± 2.4 


12.2 ±6.2 


158 ± 70 


Renal Transplant {n=23) 


5 mg/day multiple dose 
oral solution 


1,84 ± 1.3 


37.4 ± 21 


396 ± 193 


Renal Transplant (n=13) 


2 mg/day multiple dose 
tablets 


3.46 ± 2.4 


15.0 ±4.9 


230 ± 67 


Hepatic Impaimient (n=18) 


15 mg single dose oral 
solution 


0.84 ±0.17 


77.9 ±23.1 


15671616 



6.3.1. Distribution 

The mean (±SD) blood to plasma ratio of sirolimus was 36 (±18) in stable renal allograft patients, indicating that sirolimus 
is extensively partitioned into formed blood elements. Sirolimus is extensively ttound (approximately 92%) to human 
plasma proteins. In man the binding of sirolimus was shown mainly to be associated with serum albumin (97%), aIpha-1 
acid glycoprotein and lipoproteins. 

6.3.2. Metabolism 

Sirolimus is a substrate for both cytochrome P450 IIIA4 (CYP3A4) and P-glycoproteln. Sirolimus is extensively metabolized 
by 0-demethylation and/or hydroxylation. Seven major metabolites, including sirolimus. demethyl, and hydroxydem ethyl 
are identifiable in blood. Some of these metabolites are also detectable in plasma, fecal and urine samples. Sirolimus is 
the major component in human whole blood and contributes to more than 90% of the immunosuppressive activity. 

6.3.3. Special Populations 

Hepatic impaimient : Sirolimus (15 mg) was administered as a single oral dose to 18 subjects with r>ormal hepatic function 
and 18 patients with Child-Pugh classification A or B hepatic impairment, in which hepatic impairment was primary and not 
related to an undertying systemic disease. Compared with the values in the normal hepatic group, the hepatic impairment 
had higher mean AUG (61%) and t^ (43%) and had lower mean clearance values (33%). The mean t^ increased from 79 
± 12 hours in subjects with nomial hepatic function to 113 ± 41 hours in patients with impaired hepatic function. However, 
hepatic diseases with varying etiologies may show different and the pharmacoltlnetics of sirolimus in patients with severe 
hepatic dysfunction is unknown. 

Renal rmpairment : The effect of renal impaimient on the pharmacokinetics of sirolimus is not known. However, there is 
minimal (2.2%) renal excretion of the dmg or its metabolites. 

Demographics : After oral administration of sirolimus there was no effect of gender, race and age (> 65 years) on the 
pharmacokinetics of sirolimus. 

6.4 Drug Interactions Following Oral Administration of Sirolimus 

Drug interaction studies have not been conducted with the CYPHER Sirolimus-eluting Coronary Stent Sirolimus is extensively 
metabolized by cytochrome P450 3A4 (CYP3A4) in the gut wait and liver and undergoes efflux from enterocytes of the small 
intestine by P-glyco protein (P-gp). Therefore, absorption and the subsequent elimination of systemically absorbed sirolimus may be 
influenced by drugs that affect these proteins. Inhibitors of CYP3A4 and P-gp may increase sirolimus levels, while inducers of 
CYP3A4 and P-gp may decrease sirolimus levels. The pharmacokinetic interaction between orally administered sirolimus and 
concomitantly administered drugs is discussed t)elow. Drug interaction studies have not been conducted with drugs other than those 
described below. 

6.4.1. Ketoconazole 

Multiple-dose ketoconazole administration significantly affected the rate and extent of absorption and sirolimus 
exposure after administration of a sirolimus oral formulation, as reflected by increases in sirolimus C^, t^, and AUG of 
4.3-fold, 38%, and 10.9-fold, respectively. However, the terminal t^ of sirolimus was not changed. Single-dose sirolimus 
did not affect steady-state 12-hour plasma ketoconazole concentrations. It is recommended that sirolimus oral solution and 
oral tablets should not be administered with ketoconazole. 

6.4.2. Rifampin 

Pretreatment of 14 healthy volunteers with multiple doses of rifampin, 600 mg daily for 14 days, followed by a single 20-mg 
dose of sirolimus, greatly increased sirolimus oral-dose clearance by 5.5-fold (range = 2.8 to 10), which represents mean 
decreases in AUG and C^ of about 82% and 71%, respectively. In patients where rifampin is indicated, alternative 
therapeutic agents with less enzyme induction potential should be conskJered. 

6.4.3. Diltlazem 

The simultaneous oral administration of 10 mg of a sirolimus oral solution and 120 mg of dittiazem to 18 healthy volunteers 
significantly affected the bioavailability of sirolimus. Sirolimus C^^, t^. and AUG were increased 1.4-, 1.3-, and 1.6-fold, 
respectively. Sirolimus did not affect the pharmacokinetics of either dittiazem or its metatiolites desacetyldiltiazem and 
desmethyldiltiazem. 

6.4.4. Cyclosporlne 

Single-dose pharmacokinetic interactions between cyclosporine and sirolimus were investigated for two sirolimus oral 
formulations in studies using 24 healthy volunteers. Compared to results obtained when oral sirolimus was administered 
alone, the oral administration of 10 mg sirolimus 4 hours after a single dose of 300 mg cyclosporine soft gelatin capsules 
increased mean sirolimus AUG by 33% to 80% and increased mean sirolimus C^, by 33% to 58%, depending on the 
sirolimus formulation. The half-life of sirolimus was not significantly affected. The cyclosporine mean AUG and mean C^^ 
were not significantly affected. 




6.4.5. Drugs which may be coadministered without dose adjustment 

Clinically significant pharmacokinetic drug-drug interactions were not observed in studies of drugs listed below in 
conjunction with orally administered sirolimus. SIrolimus and these dojgs may be coadministered without dose 
adjustments. 



• Acyclovir 

• Digoxin 

• Glyburide 

• Nifedipine 

• Norgestrel/ethinyl estradiol 

• Prednisolone 
Sulfamethoxazole/trimethoprim 

6.4.6. Other drug interactions 

Dnjgs that may increase sirolimus blood concentrations include: 
Calcium channel blockers: nicardipine, verapamil. 
Antifungal agents: clotrimazole, fluconazole, itraconazole. 
Macrolide antibiotics: clarithromycin, erythromycin, troleandomycin. 
Gastrointestinal prokinetic agents: cisapride, metocbpramide. 

Other drugs: bromocriptine, ctmetidine. danazol. HIV-prolease inhibitors (e.g., ritonavir, indinavir), 

Dojgs that may decrease sirolimus levels include: 

Anticonvulsants: carbamazepine, phenobarbttal, phenytoin. 
Antibiotics: rifabutin, rifapentine. 

These lists are not all inclusive. 

Care should be exercised when drugs or other substances that are metabolized by CYP3A4 are administered 
concomitantly with implantation of CYPHER Stents. 

6.4.7. Grapefruit Juice: Grapefruit juice reduces CYP3A4-mediated metabolism of sirolimus. 

6.4.8. Herbal Preparations: St. John's Wort {Hypericum perforatum^ induces CYP3A4 and P-glycoprotein. Because sirolimus is 
a substrate for both cytochrome CYP3A4 and P-glycoprotein. there is the potential that the use of St. John's Wort in 
patients receiving CYPHER Stents could result in reduced sirolimus levels. 

6.4.9. Vaccination 

Immunosuppressants may affect response to vaccination. Therefore, for some period after receiving a CYPHER Stent, 
vacdnation may be less effective. The use of live vaccines should be avoided; live vaccines may include, but are not 
limited to. measles, mumps, rubella, oral polio. BCG. yellow fever, varicella, and TY21a typhoid. 

6.4.10. Drug-laboratory test interactions 

There are no studies on the interactions of sirolimus in commonly employed clinical laboratory tests. 

6.5. Mutagenesis. Carcinogenicity and Reproductive Toxicology 

The genotoxicity, carcinogenicity, and reproductive toxicity of CYPHER Stents have not been evaluated. However, the genotoxicity, 
carcinogenicity, and reproductive toxicity of sirolimus have been investigated in bacterial and mammalian cells in vitro and in 
lat>oratory animals in vivo, 

Sirolimus was not genotoxic in the in k/jfrr? bacterial reverse mutation assay, the Chinese hamster ovary cell chromosomal aben-ation 
assay, the mouse lymphoma cell forward mutation assay, or the in vivo mouse micronucleus assay. 

Carcinogenicity studies in mouse showed hepatocellular adenoma and carcinoma at dosages of 1 , 3 and 6 mg/kg/day orally 
(approximately 15 to 94 times the dosage provided by a stent coated with 314 pg sirolimus, adjusted for body surface area). In the 
104-week rat study at dosage of 0.2 mg/kg/day (approximately 6 times the dosage provided by a stent coated with 314 pg sirolimus 
adjusted for body surface area), there was a significant increase in the incidence of testicular adenoma. 

There was no effect on fertility in female rats following the administration of sirolimus at dosages up to 0.5 mg/kg/day (approximately 
15 times the dosage provided by a stent coated with 314 pg sirolimus adjusted for body surface area). In male rats, there was no 
significant difference in fertility rate compared to controls at a dosage of 2 mg/kg/day (approximately 60 times the dosage provided 
by a stent coated with 314 pg sirolimus adjusted for body surface area). Reduction in testicular weights and/or histological lesions 
(e.g.. tubular atrophy and tubular giant cells) were observed in rats following dosages of > 0,65 mg/kg/day (approximately 20 times 
the dosage provided by a stent coated with 314 pg sirolimus adjusted for body surface area). 

6.6. Pregnancy 

Pregnancy Category C: There are no adequate and well controlled studies in pregnant women of sirolimus or CYPHER Stents. 
Sirolimus was embryo/feto toxic in rats at dosages of > 0.1 mg/kg/day (approximately 3 times the dose provided by a stent coated 
with 314 pg sirolimus adjusted for body surface area). Embryo/feto toxicity was manifested as mortality and reduced fetal weights, 
with associated delays in skeletal ossification. No teratogenic effect of sirolimus was evident There was no effect of sirolimus on 
rabbit development at the maternally toxic dosage of 0.05 mg/kg/day (approximately 3 times the dose provided by a stent coated with 
314 pg sirolimus adjusted for body surface area). 

Effective contraception should be initiated before implanting a CYPHER Stent and for 12 weeks after implantation. The CYPHER 
Stent should be used during pregnancy only if the potential benefit outweighs the potential risk to the embryo or fetus. 

6.7. Lactation 

Sirolimus is excreted in trace amounts in milk of lactating rats. It is not known whether sirolimus is excreted in human milk. The 
pharmacokinetic and safety profiles of sirolimus in infants are not known. Because many drugs are excreted in human milk and 
because of the potential for adverse reactions in nursing infants from sirolimus. a decision should be made whether to discontinue 
nursing or to implant the stent, taking into account the importance of the stent to the mother. 



7. Adverse Events 

7.1. Observed Adverse Events 

Observed adverse event experience comes from three clinical studies, the SIRIUS trial, the RAVEL trial, and the First-ln-Man study. 
See Section 8 - Clinical Studies for more complete descriptions of the study designs and results. 

The SIRIUS trial and the RAVEL trial were multi-center, double-blind, randomized clinical trials in patients with symptomatic ischemic 
coronary artery disease due to <fe/?oi^o]es\ons in native coronary arteries. Patients were randomized to the CYPHER Stent (a 
sirolimus-eluting BX VELOCITY™ Stent) or to a Control stent (BX VELOCITY, an uncoaled 316L stainless steel stent). Eligibitity was 
based on visual estimates of vessel diameter and lesion length. Following treatment, patients were treated with aspirin indefinitely 
and either clopidogrel or ticlopidine for 2 or 3 months, depending on the trial. Evaluations included clinical and angiographic 
outcomes. The First-ln-Man study was a small, non-randomized, two-center study that used the CYPHER Stent in 30 of its 45 
patients. Major study characteristics are summarized in Table 7-1. Principal adverse events are shown in Table 7-2. 



Table 7-1: Clinical Studies - Major Characteristics 




SIRIUS Trial 


RAVEL Trial 


First-in-Man Study 


Study Type 


prospective, randomized 


prospective, randomized 


non-randomized 


Number of Patients 


1058 

(533 CYPHER Stent, 525 Control) 


238 

(120 CYPHER Stent. 118 Control) 


45 

(30 CYPHER Stent, 15 other) 


Lesion Criteria 


De novo lesion in native 
coronary artery > 2.5 to < 3.5 mm 
in diameter, lesion 15 to 30 mm 
in length and coverable 
with 2 stents 


De novo lesion in native 
coronary artery > 2.5 to < 3.5 mm 
in diameter, lesion coverable 
by one 18 mm stent 


De novo lesion in native coronary 
artery > 3.0 to < 3.5 mm diameter, 
lesion coverable by one 1 8 mm stent 


Antiplatelet Therapy 


Aspirin indefinitely, and 
ticlopidine or clopidogrel for 3 
months 


Aspirin indefinitely, and 
ticlopidine or clopidogrel for 2 
months 


Aspirin indefinitely, and ticlopidine or 
clopidogrel for 2 months 



Table 7-2: PrlncfpPKdverse Events Observed in Clinical Studies In-Hospital l^W>ut-of-Hospital 





SIRIUS Trial to 360 Days 


RAVEL Trial to 720 Days 


First-in-Man to 720 Days 




CYPHER 


Control 


CYPHER 


Control 


CYPHER Stent 




Stent (N=533) 


Stent (N=525) 


Stent (N=120) 


Stent (N=:1 18) 


Stent (N^30) 


MACE^ 












In-Hospital 


2.4% (13) 


1.5% (8) 


2.5% (3) 


2.5% (3) 


A 7<W. t'>\ 
O,fvo \£) 


Out-of-Hospital 


6.0% (32) 


21.3% (112) 




1 f ,070 \£. 1 ) 


3.3% (1) 


Death 










3.3% (1) 


In-Hospital 


0.2% (1) 


0.0% (0) 


0.0% (0) 


0.0% (0) 


Out-of-Hospital 


1.1% (6) 


0.8% (4) 


0.0% (b) 




A no/ /n\ 
0.0% (U) 


Myocardiat Infarction 








2.5% (3) 


Q OOA /-l^ 


In-Hospital 


2.3% (12) 


1 .5% (8) 


2.5% (3) 


Out-of-Hospital 


0.8% (4) 


1.9% (10) 






n no/ /n\ 
0.0% (0) 


Q-wave 












In-Hospital 


0.4% (2) 


0.0% (0) 


1.7% (2) 


0.8% (1) 


n not /n^ 
u,U7o yu) 


Out-of-Hospital 


0.4% (2) 


0.4% (2) 


ft f\fw if\\ 

0.0% (0) 


n no/ /n\ 
U.UTb (U) 


0.0% (0) 


Non Q-wave 












In-Hospital 


1.9% (10) 


1 .5% (8) 


0.8% (1 ) 


1.7% (2) 


Q QO/ /i\ 


Out-of-Hospital 


0.4% (2) 


1 .5% (8) 


1.7% (2) 


2.5% (3) 


n AO/ /n\ 

0.0% (0) 


Emergent CABG 










0.0% (0) 


In-Mncnital 

in-nuopiicii 


0.0% (0) 


0.0% (0) 




- 


Out-of-Hospital 


0.0% (0) 


0.0% (0) 


- 


- 


0.0% (0) 


Target Lesion Revascularization (TLR) 












In-Hospital 


0.2% (1) 


0 0% fOl 


0.0% (0) 


0.0% (0) 


0.0% (0) 


Out-of-Hospital 


4.7% (25) 


20.0% (105) 


2.5% (3) 


13.6% (16) 


Q lot /1\ 


TVR not Target Lesion 












In-Hospital 


0.0% (0) 


0.0% (0) 


0.8% (1) 


0.8% ( i) 


3.3% (1) 


Out-of-Hospital 


O.DTo V 


ft 7% 

D. f TO \viJ) 


0 0% fO^ 


1 .7% (2) 


3.3% (1) 


Target Vessel Failure^ 












In-Hospital 


2.4% (13) 


1.5% (8) 


2,5% (3) 


2.5% (3) 


6.7% (2) 


Out-of-Hospital to 270 days^ 


R R<VJ. 
O.OTo \'^iif 










Out-of-Hospital to 360/720 days 


7 *i% (dn\ 

1 .tJ fa ^*\JJ 


23 6% M24^ 


3.3% (4) 


19.5% (27) 


1 '30/ /i \ 
O.OTO (1 ) 


Stent Thrombosis 












In-Hospital 


U.U70 \\J} 




0,0% (0) 


0.0% (0) 


0.0% (0) 


Out-of-Hospltal 


0.2% (1) 


0.2% (1) 


0.0% (0) 


0.0% (0) 




Sub-acute Closure 












In-Hospital 


U.UTo \\J} 




0 0% IG\ 


0 0% fOl 


n not tf\\ 


Out-ot-nospnai 


0.2% (1) 


0 0% foi 


0.0% (0) 


0.0% (0) 


0.0% (0) 


Late Thrombosis 










0.0% (0) 


Out-of-Hospital 


0.2% (1) 


0.6% (3) 


0,0% (0) 


0.0% (0) 


CVA 












In-Hospital 


0,2% (1) 


0.8% (4) 


0.0% (0) 


0.0% (0) 


3.3% (1) 


Out-of-Hospital 


0.9% (5) 


1.3% (7) 


0.8% (1) 


0.0% (0) 


3.3% (1) 


^ MACE is defined as Death, Q-wave or non Q-wave Ml, Emergency CABG, or Target Lesion Revascularization. 




2 Target Vessel Failure is defined as Target Vessel Revascularization, Ml or cardiac death that could not be clearly attributed to a vessel other 


than the target vessel. 












3 TVF at 270 days is the primary endpoint for the SIRIUS study. 








Tabulated entries are represented as: percentage (number of patients with event). 







In the SIRIUS trial, a subset of patients underwent intravenous ultrasound (IVUS) evaluation of the treated lesion immediately after treatment 
and as part of a scheduled angiographic evaluation at 8 months. In the RAVEL trial, a subset of patients underwent an IVUS study as part of 
the follow-up angiographic evaluation at 6 months, but there was no baseline IVUS evaluation. In both studies, patients who received the 
CYPHER Stent had a greater frequency of incomplete stent apposition at follow-up than patients who received the control stent 
(BX VELOCITY Stent, an uncoated 31 6L stainless steel stent). From the SIRIUS trial, it appeared that in about half of the cases, the 
incomplete stent apposition had not been observed immediately after stenting (late incomplete stent apposition). Late incomplete stent 
apposition was not observed in the control group. There were no clinical adverse events that were related to the occurrence of incomplete 
stent apposition. Frequencies of incomplete stent apposition are shown in Table 7-3. 



Table 7-3: Frequency of Incomplete Stent Apposition 




SIRIUS Trial 


RAVEL Trial 




CYPHER Stent 


Control Stent 


CYPHER Stent 


Control Stent 


Incomplete Stent Apposition Rate at Follow-up 
Changes from Baseline 

Healed 

Preserved 

Late Incomplete Stent Apposition 


18% (18/101) 

10% (8/80) 
8% (6/80) 
9% (7/80) 


9% (7/78) 

5% (3/61) 
10% (6/61) 
0% (0/61) 


21% (10/41) 


4% (2/27) 
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7.2. Potential Adverse Events 

Adverse events (in alphabetical order) which may be associated with the implantation of a coronary stent in coronary arteries 
(including those listed in Table 7-2 and Table 7-3): 



7.2.1 . Potential Adverse Events Associated with Coronary Stent Placement 



Allergic reaction 

Aneurysm 

Arrhythmias 

Cardiac tamponade 

Death 

Dissection 

Drug reactions to antiplatelet agents / 
anticoagulation agents / contrast media 
Emboli, distal (tissue, air. or thrombotic emboli) 
Embolization, stent 
Emergency CABG 

Failure to deliver the stent to the intended site 
Fever 

Fistulization 
Hemorrhage 

Hypotension/Hypertension 
Incomplete stent apposition 
Infection and pain at the intended site 



Myocardial infarction 
IVIyocardial ischemia 
Occlusion 
Prolonged angina 
Pseudoaneurysm 
Renal failure 

Restenosis of stented segment (greater than 50% 
obstruction) 

Rupture of native and bypass graft 
Stent compression 
Stent migration 
Stroke 

Thrombosis (acute, subacute, or late) 
Ventricular fibrillation 
Vessel spasm 
Vessel perforation 



.2.2. Potential Adverse Events Related to Sirolimus (Following Oral Administration): 

Abnormal liver function tests 

Anemia 

Arthralgias 

Diarrhea 

IHypercholesterolemia 

Hypersensitivity, including anaphylactic/anaphylactoid type reactions 

Hypertriglyceridemia (see section 5.10) 

Hypo)<alemia 

Infections 

Interstitial lung disease 
Leukopenia 

Lymphoma and other malignancies 
Thrombocytopenia 



8. Clinical Studies 

8.1. Overview of Clinical Studies 

The principal safety and efficacy evidence for the CYPHER Stent came from three clinical studies, the SIRIUS trial, the RAVEL trial, 
and the First-ln-Man study. All three of these studies evaluated the perfomiance of the CYPHER Stent in patients with symptomatic 
ischemic disease due to de noyo \es\ons in native coronary arteries. Major study characteristics are summarized below and in Table 
8-1. 

The SIRIUS and RAVEL trials were multi-center, double-blind, randomized clinical trials that compared the CYPHER Stent to a 
Control consisting of an uncoated 31 6L stainless steel stent (the BX VELOCITY Stent). Eligibility was based on visual estimates of 
vessel diameter and lesion length. Following treatment, patients were treated with aspirin indefinitely and with clopidogrel or 
ticlopidine for 2 or 3 months, depending on the study. The SIRIUS trial was a large study with a primary clinical endpoint of target 
vessel failure at 9 months. Angiographic follow-up was scheduled for a majority of patients at 8 months. The RAVEL trial was a 
smaller study with a primary angiographic endpoint of late loss at 6 months. Clinical follow-up through one year is available for both 
trials, and follow-up through five years is planned. 



The First-in-Man study was a small, non-randomized, initial feasibility study that involved angiographic and clinical follow-up. Its 
primary value is that it provides the longest available follow-up information, through 2 years. 



Table 8-1: Clinical Study Comparison 




SIRIUS Trial 


RAVEL Trial 


FIrst-tn-Man Study 


Study Type 


Pivotal Study 


Supportive Study 


Feasibility Study 


Multi-center (N=53), prospective, 
randomized 


Multi-center (N=19), prospective, 
randomized 


Multi-center (N=2) 
Non-randomized 


Number of Patients 


1058 

(533 CYPHER Stent, 525 Control) 


238 

(120 CYPHER Stent, 118 Control) 


45 

(30 CYPHER Stent, 15 other) 


Lesion Criteria 


De no^<o\es\on in native 
coronary artery > 2.5 to < 3.5 mm 
in diameter, lesion 1 5 to 30 mm 
in length and coverable with 
2 stents 


Oe novo lesion in native 
coronary artery > 2.5 to < 3.5 mm 
in diameter, lesion coverable 
by one 18 mm stent 


De novo lesion in native coronary 
artery > 3.0 to < 3.5 mm diameter, 
lesion coverable by one 18 mm stent 


Device Products Used 


CYPHER Sirolimus-eluting 
Coronary Stent on RAPTOR 
Over-the-Wire Stent Delivery 
System 


CYPHER Sirolimus-eluting 
Coronary Stent on RAPTORRAIL 
Rapid Exchange Stent Delivery 
System 


CYPHER Sirolimus-eluting 
Coronary Stent on RAPTOR 
Over-the-Wire Stent Delivery 
System 


Antiplatelet Therapy 


Aspirin indefinitely, and 
Ticlopidine or Clopidogrel for 3 
months 


Aspirin indefinitely, and 
Ticlopidine or Clopidogrel for 2 
months 


Aspirin indefinitely, and Ticlopidine or 
Clopidogrel for 2 months 


Follow-up 


8 months angiographic 

9 months clinic 

1, 3, 6, 12 months and 2, 3, 4 
and 5 years telephone F/U 


6 months angiographic 
1 and 6 month clinic 
12 months and 2. 3, 4, and 5 
years telephone F/U 


Brazil: 4, 12. 24 months angio & 
IVUS 

The Nethertands: 6 & 18 months 
angio & IVUS and 24 months 
clinical F/U 
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8.2. SIRIUS Trial (Pivotal Study) 

Purpose: The purpose of the trial was to evaluate the safety and effectiveness of the CYPHER Stent in reducing target vessel failure 
in ifff/70vona{\ve coronary artery lesions. 



Conclusions: In selected patients, use of the CYPHER Stent significantly reduced the rate of target vessel failure (TVF) at 9 months 
compared to the Control (BX VELOCITY Stent, an uncoated 31 6L stainless steel stent). Angiographic lesion characteristics at 8 
months were also significantly improved. 

Design: This was a multi-center, prospective, randomized, double-blind trial conducted at 53 sites in the U.S. The primary efficacy 
endpoint was pre-specified to be TVF at 9 months, defined as cardiac death, myocardial infarction, or target vessel revascularization. 
To be eligible, a patient was required to have a de noi^ \schem\c lesion of length 15 mm to 30 mm in a native coronary artery of 
diameter 2,5 mm to 3.5 mm (using visual estimates). Patients coutd be treated with up to two overlapping stents to cover the lesion. 

Patients were randomized with equal probability to receive either the CYPHER Stent or the Control. A total of 1 101 patients were 
randomized, and 1058 patients were included in the study results; 533 with CYPHER Stent and 525 with Control. A subset of 826 
was pre-assigned to have angiographic follow-up at 8 months. After the procedure, patients were treated with aspirin indefinitely and 
with clopidogrel or ticlopidine for 3 months. 

Clinical follow-up through the 12-month (± 2 weeks) endpoint was available on 1027 patients. Angiographic follow-up was 
obtained on 703 patients. A total of 209 patients had both baseline and follow-up IVUS studies. Clinical follow-up currently is 
available through one year. 

Demography: Baseline characteristics were similar for both treatment arms; factors evaluated included age (mean 62 years), gender 
(29% female), race (90% Caucasian, 4.3% African American, 3.4% Hispanic, 1.7% Asian, and approximately 0.6% other), diabetes 
(26%). prior Ml (31%), hypertension (68%), hyperlipidemia (74%), ejection fraction (mean 54%), CSS Angina Class (44% III or IV), 
and llb/llla inhibitor use (60%). LAD (44%), LCX (25%), RCA (31%), reference vessel diameter (mean 2.8 mm), minimum lumen 
diameter (mean 0.97 mm), percent diameter stenosis (mean 65%). and lesion length (mean 14.4 mm). The overall fraction with a 
smoking history was 23%. but it was slightly lower in the CYPHER Stent ami (20%) than in the control arm (26%); smoking history 
was not found to be a significant predictor of outcome in the trial. 

Methods: Baseline clinical and angiographic data were collected on standardized case report forms by clinical coordinators at the 
clinical sites. Angiographic and IVUS outcomes were assessed in a blinded fashion by quantitative analysis at designated central 
latx)ratories. An independent Clinical Events Committee adjudicated clinical events, and the trial was monitored by an independent 
Data and Safety Monitoring Committee. 

Results: In selected patients, elective CYPHER Stent placement in native coronary denovolesions resulted in a reduction in the 
incidence of TVF at 9 months compared to Control (8.8% vs. 21.0%. p < 0.001). By follow-up angiography at 8 months, there was 
significantly lower in-stent late loss (0.17 mm vs. 1.00 mm, p < 0.001) and mean in-lesion % diameter stenosis was significantly 
reduced (23.6% vs. 43.2%. p < 0.001). There was no evidence of an edge-effect 5 mm proximal or distal to the stent. Examination by 
IVUS at 8 months showed that neointimal hyperplasia (NIH) volume was significantly reduced in the CYPHER Stent arm (4.4 mm' vs. 
57.6 mm^ p < 0.001), but there was a higher rate of incomplete stent apposition (18% vs. 9%. p = 0.13). There were no clinical 
events related to the occurrence of incomplete stent apposition. Clinical outcomes through 12 months were consistent with the 9 
month outcomes. Twenty-eight percent (28%) of the patients in the CYPHER Stent arm of the SIRIUS trial received 2 or more 
(overiapping) stents. The incidence of major adverse cardiac events in these patients was statistically lower than the patients who 
received an uncoated stent. 

Table 8-2 summarizes the principal effectiveness and safety results of the SIRIUS Trial through 360 days. Figure 8-1 provides the 
cumulative TVF rates through 360 days. 
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"Tabi^^lRiuSPrincipal Effectiveness and Safety Results"(to36^B^)" 

All Patients Treated (N=1058) 



Effectiveness CYPHER Stent Control Difference P-Value 

Measures (N=533 Patients (N=525 Patients [95% CI] 

^ N=533 Lesions) N=531 Lesions) 



DpvinA Success 

Procedure Success* 


97.9% (522/533) 
97.4% (519/533) 


98.7^0 (524/531) 
98.5% (517/525) 


-0.7% (-2.3, 0.8] 
-1.1% [-2.8%, 0.6%] 


0.477 
0.281 


Post-Procedure MLD (mm) 
tn-Stent 
In-Lesion 


2.67 + 0.40 (528) 
2.38 + 0.45 (530) 


2.68 + 0.42 (526) 
2.40 + 0.46 (526) 


0.00 [-0.05, 0.05] 
-0.01 (-0.07, 0.04] 


0.985 
0.643 


Post-Procedure % DS 
In-Stent 
In-Lesion 


5.4% + 8.2% (529) 
16.1% ±9.7% (530) 


6.0% + 7.9% (526) 
16.2% + 8.5% (526) 


-0.6% [-1.6%, 0.4%] 
-0.1% [-1.2%, 1.0%) 


0.229 
0.792 


Eight-Month Follow-up MLD (mm) 
In-Stent 
In-Lesion 


2 50 + 0 58 (349) 
2.15 + 0.61 (350) 


1.69 + 0.79 (353) 
1.60 + 0.72 (353) 


0.82 [0.71,0.92] 
0.55 [0.45, 0.65] 


<0.001 
<0.001 


Eight-Month Follow-up % DS 
1 n- oxen I 
In-Lesion 


23.6% ±16.4% (350) 


40 1% + 25 3% f353) 
43.2% + 22.4% (353) 


-29 7% [-32 9%, -26.5%] 
-19.7% (-22.6%, -16.8%] 


<0.001 
<0.001 


Eight-Month Late Loss (mm) 
In-Stent 
In-Lesion 


0.17 ±0.44 (347) 
0.24 + 0.47 (348) 


1 no + 0 70 nso^ 
0.81 ± 0.67 (350) 


-0.83 [-0.92, -0.74] 
-o!57 [-0.S6, -o'a9] 


<0.001 
<0.001 


Eight-Month Binary Restenosis 
In-Stent 
In-Lesion 


3.2% (11/349) 
8.9% (31/350) 


35.4% (125/353) 
36.3% (128/353) 


-32.3% (-37.6%, -26.9%] 
-27.4% [-33.2%, -21.6%] 


<0.001 
<0.001 


Eight-Month Minimum Lumen Area (mm*) 5.4 ± 2.1 (101) 


3.9+1.9 (75) 


1.5(0.9, 2.1] 


<0.001 


Eight-Month NIH Volume (mm') 


4.4 + 6.5 (51) 


57.6 + 32.7 (45) 


-53.2 [-62.5. -43.9] 


<0.001 


7VF to 9 Months (Primary Endpoint)* 


8.8% (47/533) 


21.0% (110/525) 


-12.1% [-16.4%, -7.9%] 


<0.001 


Clinical Endpoints to 270 Days 

TLR-Free^ 

TVR-Free^ 

TVF-Free ^ 

MACE-Free^ 


95.8% 
93.5% 
91.1% 
92.8% 


83.2% 
81.1% 
78.9% 
81.0% 


12.6% [8.5%. 16.7%] 
12.4% [8.0%, 16.8%] 
12.2% [7.5%. 16.8%] 
11.8% [7.4%, 16.3%] 


<0.001 
<0.001 
<0.001 
<0.001 


Clinical Endpoints to 360 Days 

TLR-Freet 

TVR-Free^ 

TVF-Free ' 

MACE-Free^ 


95.0% 
92.7% 
90.1% 
91,7% 


79.5% 
76.9% 
74.9% 
77.4% 


15.5% (11.4%, 19.7%] 
15.8% [11.4%. 20.1%] 
15.2% (10.6%, 19.9%] 
14.2% [9.8%, 18.7%] 


<0.001 
<0.001 
<0.001 
<0.001 



Safety Measures 

In-Hosprtal MACE* 2,4% 

Out-of-Hospital MACE to 270 days* 4,9% 

Out-of-Hospital MACE to 360 days* 6.0% 

MACE to 270 days* 7.1% 

MACE to 360 days* 8.3% 

TVF to 270 days (Primary endpoint)* 8.8% 

TVF to 360 days* 9.8% 

Stent Thrombosis to 30 days 0.2% 

Late Thromtxjsis to 360 days 0.2% 

Subacute Closure 0.2% 

Cerebrovascular Accident (OVA) to 360 days 1.1% 

Major Bleeding Complications 3.6% 

Major (Hemontiaglc) Vascular Complications 1 .5% 

Hematological Dyscrasia to 360 days 0.6% 



(13/533) 


1.5% (8/525) 


(26/533) 


17.7% (93/525) 


(32/533) 


21.3% (112/525) 


(38/533) 


18.9% (99/525) 


(44/533) 


22.3% (117/525) 


(47/533) 


21.0% (110/525) 


(52/533) 


24.8% (130/525) 


(1/533) 


0.2% (1/525) 


(1/533) 


0.6% (3/525) 


(1/533) 


0.0% (0/525) 


(6/533) 


2.1% (11/525) 


(19/533) 


3.4% (18/525) 


(8/533) 


2.3% (12/525) 


(3/533) 


0.8% (4/525) 



0,9% [-0.8%, 2.6%] 


0.379 


-12.8% [-16.6%, -9.1%) 


<0.001 


-15.3% [-19.4%, -11.3%] 


<0.001 


-11,7% (-15.7%. -7.7%] 


<0.001 


-14.0% (-18,3%, -9.8%) 


<0.001 


-12,2% [-16.4%, -7.9%] 


<0.001 


-15.0% [-19.5%, -10.5%] 


<0.001 


0.0% [-0.5%, 0.5%] 


1.000 


-0.4% [-1.1%, 0.4%] 


0.371 


0.2% [-0,2%, 0.6%] 


1.000 


-1,0% [-2.5%. 0.5%] 


0.231 


0.1% [-2.1%, 2.3%] 


1.000 


-0.8% [-2.4%, 0.9%) 


0.376 


-0.2% [-1.2%, 0.8%] 


0.724 



Numbers are % (counts/sample size) or Mean + SD. CI = Confidence Interval 

Relative Risk - Stn)limus/BX VELOCITY Stent BE = Calculated in SAS' software using Mantel-Haenszel Method 

Cl = RR'exp(+1.96-SE) 

All event data were adjudicated by the independent ainical Events Committee (CEC). Ail OCA data were assessed by the AngiograpWc Core Laboratory. AH IVUS data were 
assessed by the IVUS Core Laboratory. 

Device Success (Lesion Based) - Achievement of a final residual diameter stenosis of <50% (by OCA) using the assigned device only (if OCA was not available, the visual 
estimate of diameter stenosis was used). 

Procedure Success (Lesion Based) - Achievement of a final diameter stenosis of <50% (l>y OCA) using any percutaneous method, without the occurrence of death, Q-wave or 
WHO-defined non Q-wave Ml, or repeat revascularization of the target lesion during the hospital stay (if OCA was not available, the visual estimate of diameter stenosis 
was used). 

MLD = Minimum Lumwi Diameter 

DS = Diameter Stenosis 

In-Lesion (Within Segment) - In-lesion measurement was defined as the measurements either within the stented segment or within 5 mm proximal or distal to the stent edges. 
In-Stent (Within Stent) - In-stent measurement vras defined as the measurement within the stented segment. 
NIH = Neointimal Hyperplasia 

* Events rates in this table included the WHO definition of non Q-wave ML 

WHO-defined non Q-vrave Mt - Elevation of post-procedure CK levels to >2 times normal with elevated CKMB in the absence of new pathological Q^waves. 
t The following survival estimates are by Kaplan-Meier Methods with standard error estimates by Peto formula: 

TLR-Free- No target lesion revascularization. 

TVR-Free - No target vessel revascularization. 

TVF-Free - No cardiac death, Q-vtave or WHO-defined non Q-wave Ml, or target vessel revascutarization. 

MACE-Free - No death, Q-wave or WHO-defined non Q-wave Ml, or target vessel revascularization. 
Major Adverse Cardiac Events (MACE) - A composite endpoint comprised of death, Q-wave or WHO-defined non Q-wave Ml, or target vessel revascularization. 
Target Vessel Failure (TVF) - A composite endpoint comprised of cardiac death, Q-wave or WHO-defined non Q-wave Ml, or target vessel revascularization 
Stent Thrombosis - A 30-day endpoint rnduding subacute closure or unexplained death or Q-wave Ml. 

Late Thrombosis - Myocardial infarction occurring >30 days after the index procedure and attributable to the target vessel vwth angiographic documentation (site-reported or by 
QCA) of thrombus or total occlusion at the target site and freedom from an interim revascularization of the target vessel. 

Subacute (Subabnjpt) Closure - /Vbrupt dosure that occun-ed after the index procedure vras completed (and the patient left the catheterization laboratory) and before the 30- 
day follow-up endpoint 

Cerebrovascular Accident (CVA) - Sudden onset of vertigo, numbness, aphasia, or dysarthria due to vascular lesions of the brain such as hemorrhage, embolism, thrombosis, 

or rupturing aneurysm, that persisted >24 hours. 
Major Bleeding Complications - Bleeding requiring transfusions or associated with hemoglobin drop > 5.0 g/dL. 

Major (hemorrhagic) Vascular Complication - Hematoma at access site >5 cm; false aneurysm; AV fistula; retroperitoneal trfeed; peripheral ischemia/nerve injury; any 
transfusion required was reported as a vascular complication unless dinical ir>dication deariy other than catheterization complication; and vascular surgical repair. 



- SAS is a trademark of SAS Institute, Inc. 
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Figure 8-1 

Kaplan-Meier Graph and Life Table to 360 Days 
SIRIUS Cumulative Percentage of Target Vessel Failure 
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8.3. RAVEL Trial 

Purpose: The purpose of the trial was to evaluate the safety and effectiveness of the CYPHER Stent for reducing late loss In efe 
fjouo naiWe coronary artery lesions. 

Conclusions: In selected patients, use of the CYPHER Stent significantly reduced the rate of in-stent late loss at 6 months 
compared to the Control (BX VELOCrTY, an uncoated 31 6L stainless steel stent). Clinical outcomes at 24 months were also 
significantly improved. 

Design: This was a multi-center, prospective, randomized, double-blind trial conducted at 19 sites in Europe, Brazil and Mexico. The 
primary efficacy endpoint was pre-specified to be in-stent late loss at 6 months. To be eligible a patient was required to have a ife 
ischemic lesion of a length that could be covered by a single 18 mm stent in a native coronary artery of diameter 2.5 mm to 
3.5 mm (using visual estimates). 

Patients were randomized with equal probability to receive either the CYPHER Stent or the Control stent. A total of 238 patients were 
randomized; 120 to CYPHER Stent and 1 18 to Control. After the procedure patients were treated with aspirin Indefinitely and with 
clopidogrel or ticlopidine for 2 months. 

Angiographic follow-up at 6 months was obtained on 217 patients. IVUS follow-up (but without baseline studies) was obtained on 1 10 
patients. Clinical follow-up is cun-ently available through 2 years (± 1 month) in 90% of patients. 

Demography: Baseline characteristics were similar for both treatment arms; factors evaluated included age (mean 61 years), 
diabetes (18%). prior Ml (36%), hypertension (49%), hyperiipidemia (52%). current smoking (30%), CSS Angina Class (12% III or 
IV). Ilb/llla inhibitor use (10%), LAD (50%), LCX (23%), RCA (27%), reference vessel diameter (mean 2.6 mm), minimum lumen 
diameter (mean 0.95 mm), percent diameter stenosis (mean 64%), and lesion length (mean 9.6 mm). Overall 24% were female, but 
there were more women in the CYPHER Stent arm (30%) than in the Control arm (19%); gender was not a significant predictor of 
outcome in the trial. 

Methods: Baseline clinical and angiographic data were collected on standardized case report fomis by clinical coordinators at the 
clinical sites. Angiographic and IVUS outcomes were assessed in a blinded fashion by quantitative analysis at designated central 
laboratories. An independent review committee adjudicated clinical events, and the trial was monitored by an independent Data and 
Safety Monitoring Committee. 



Results: In selected patients, elective CYPHER Stent placement in native coronary ife /tow? lesions resulted in significantly lower in- 
stent late loss at 6 months compared to control (-0.01 mm vs. 0.80 mm, p < 0.001), and the mean in-lesion % diameter stenosis also 
was signrficantly reduced (25.3% vs. 38.7%, p < 0.001). There was no evidence of an edge-effect 5 mm proximal or distal to the 
stent. Examination by IVUS at 6 months showed that neointima volume was significantly reduced in the CYPHER Stent arm 
(1.5 mm' vs. 34.3 mm', p < 0.001), but there was a higher rate of incomplete stent apposition (21% vs. 4%, p = 0.028). The rate of 
target vessel failure by 1 year was lower (4% vs. 20%, p < .001). 

Table 8-3 summarizes the principal effectiveness and safety results of the RAVEL Trial to 720 days. Figure 8-2 provides the 
cumulative TVF rates to 720 days. 



Table 8-3: RAVEL Principal Effectiveness and Safety Results (to 720 days) 
All Patients Treated (N=238) 



Effectiveness 


CYPHER Stent 


Control 


Difference 


P-value 


Measures 


(N=120) 


(N=118) 


[95% CI] 




Procedure Success 


96.7% (116/120) 


93.1% (108/116) 


3,6% [-2.1%, 9.2%] 


0.248 


Binary Restenosis Rate 


0.0% (0/109) 


26.6% (29/109) 


-26.6% [-34.9%, -18.3%] 


<0.001 


Pnct-nrfvoHiim Ml D /mm) 








0.705 


In-stent 


2.43 + 0.41 (N=120) 


2.41+0.40 (N=116) 


0.01 (-0.09. 0.12] 


In-leslon 


1.97 + 0.40 (N=120) 


2.01 +0.44 (N=116) 


-0.04 [-0.14, 0.07] 


0.465 


Post-procedure % DS 






-2.1 [-3.7. -0.5] 


0.012 


In-stent 


11.9 + 5.9 (N=120) 


14.0 + 6.8 (N=116) 


In-lesion 


24.5 + 8.6 (N=120) 


24.7 + 10.7 (N=116) 


-0.2 [-2.7, 2.2] 


0.855 


6 month f/u MLD (mm) 








<0.001 


In-stent 


2.42 ±0.49 (N=109) 


1.64 + 0.59 (N=109) 


0.78 [0.64, 0.93] 


In-lesion 


2.01+0.47 (N=109) 


1,57 + 0.53 (N=109) 


0.45 [0.31, 0.58] 


<0.001 


6 month f/u %DS 










In-stent 


14.7 + 6.9 (N=109) 


36,7 + 18.0 (N=109) 


-22.0 [-25.6, -18,4] 


<0.001 


In-lesion 


25.3 + 9.6 (N=109) 


38.7 + 16.9 (N=109) 


-13.5 [-17.1,-9.8] 


<0.001 


6 month f/u 










Late loss (mm) 


-0.01+0.33 (N=109) 


0.80 + 0.53 (N=108) 


-0.81 [-0,93. -0.70] 


<0.001 


Volume obstruction in-stent (mm) 1.1 + 2.5 (N=56) 


26.1 + 20.2 (N=54) 


-25.0 [-30.3. -19.7] 


<0.001 


TLR-Free to 720 days* 


97.4% 


86.2% 


11.2% [3.7%, 18.7%] 


0,001 


TVR-Free to 720 days* 


96.6% 


83.6% 


13.0% [4,9%. 21.1%] 


<0.001 


TVF-Free to 720 days* 


94,1% 


78.7% 


15.4% [6,2%. 24.6%] 


<0.001 


|y4ACE-Free to 720 days* 


89.9% 


80.4% 


9,5% [0.0%, 19.2%] 


0.022 


Safety Measures 






0.0% [-4.0%. 3.9%] 


1.000 


MACE in-Hospital 


2.5% (3/1 20) 


2,5% (3/118) 


MACE out-of-Hospital to 720 days 


7,5% (9/120) 


17.8% (21/118) 


-10.3% [-18.7%, -1.9%) 


0,019 


MACE to 720 days 


10.0% (12/120) 


19,5% (23/118) 


-9.5% [-18.4%, -0.6%] 


0.045 


Sub-acute Occlusion 


0.0% (0/120) 


0.0% (0/118) 


0.0% [—. — 1 




Stent Thrombosis 


0.0% (0/120) 


0.0% (0/118) 


0.0% (— .— 1 




Late Throml>osis 


0,0% (0/120) 


0.0% (0/118) 


0.0% [— .— ] 




CVA to 720 days 


0.8% (1/120) 


0.0% (0/118) 


0,8% [-0.8%, 2.5%] 


1.000 


Major Bleeding Complications 






-2.6% [-6.2%. 1.1%] 


0.211 


to 720 days 


0.8% (1/120) 


3.4% (4/118) 



Numbers are % (counts/available field sample size) or mean + 1 standard deviation. 
CI = Confidence Interval CI = Diff + 1 .96 • SE 

SD = Standard Deviation SE = sqrt (p1*q1/n1 + p2-q2/n2) 

Procedure success - Successful implantation of study device, attainment of < 30% diameter stenosis by angiographic corelab. Quantitative 

Coronary Angiography (QCA) determination, and freedom from in-hospital MACE. 
% DS— Percent diameter stenosis - value calculated as 100-(1-MLD/RVD) using the mean values from two orthogonal views (when possible) by 

Quantitative Coronary Angiography (QCA). A 100% DS was imputed for total occlusions if no RVD values were available. 
Restenosis Rate - Percent lesions with a follow-up percent diameter stenosis is > 50%. 
* The following survival estimates are by Kaplan-Meier methods. Standard Enor estimates from Peto fonnula. 
TLR-Free - No target lesion revascularization 
TVR-Free - No target vessel revascularization 

TVF-Free - No cardiac death, target vessel related myocardial infarction or target vessel revascularization 
MACE-Free - No death, myocardial infarction, target lesion CABG or target lesion Re-PTCA 
In-Hospital MACE - Death, myocardial infarction (Q-wave and non Q-wave), target lesion CABG or target lesion revascularization prior to 

hospital discharge as detennined by the independent Clinical Events Committee. 
Out-of-Hospital MACE - Death, myocardial infarction (Q-wave and non Q-wave), target lesion CABG or target lesion revascularization after 

hospital discharge through the 720 days contact as determined by the independent Clinical Events Committee. 
Late loss — Difference MLD after device — MLD at follow-up. 

MACE - Major Adverse Cardiac Events: death, myocardial infarction (Q-wave and non Qwave), target lesion CABG or target lesion 
revascularization. 

Major Bleeding Events - Any intracranial bleeding, cardiac tamponade, bleeding events associated with a decrease in hemoglobin > 5.0 g/dL, 
transfusion or surgical repair. 

MI - Myocardial Infarction: Necrosis of the myocardium, as a result of interruption of the Wood supply to the area as in coronary thromtwsis. For 

this study, myocardial infarction was categorized in Q-wave and non Q-wave. 
Sul>-acule occlusion - New reduced (TIMI 0 or 1) flow at the target vessel as a result of mechanical obstmction, such as dissection or luminal 

thrombus, occurring after completion of the index procedure but within thirty days of stent deployment. 
Stent Thrombosis - Complete thirty^ay ischemic endpoint including death, Q-wave Ml or subabnjpt closure requiring revascularization. 
Late Thrombosis - Late Thrombosis was myocardial infarction attributable to the target vessel with angiographic documentation (site-reported or 

by QCA) of thrombus or total occlusion at the target site > 30 days after the index procedure in the absence of an intervening 

revascularization of the target vessel. 
MLD - mean minimal luminal diameter (mm) from two orthogonal views using Quantitative Coronary Angiography (QCA). 
RVD - Reference Vessel Diameter: Average of normal segments proximal and distal to the target lesion from two orthogonal views (when 

available) using QCA. 
TL = Target Lesion 
TV = Target Vessel 

CVA = Cerebrovascular /Occident: Cerebral hemorrhage, thromlx>sis. or emlxHism leading to neurological deficit. 
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Figure 8-2 

Kaplan-Meier Grapii and Life Table to 720 Days 
RAVEL Cumulative Percentage of Target Vessel Failure 
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8.4. 



First-in-Man Study 



Purpose: The purpose of this early feasibility study was to evaluate the performance of the CYPHER Stent and an alternate 
formulation sirolimus-eluting stent In cfenoyonaXWe coronary artery lesions. This study provides the longest follow-up experience 
available. 

Conclusions: In selected patients, use of the CYPHER Stent provided favorable IVUS, angiographic and clinical results through 
24 months of follow-up. 

Design: This was a non-randomized, open-label study conducted at two sites, one in The Netherlands and one in Brazil. To be 
eligible, a patient was required to have a cflff/7i?w7 ischemic lesion of a length that could be covered by a single 18 mm stent in a 
native coronary artery of diameter 3.0 mm to 3.5 mm (using visual estimates). A total of 45 patients were treated, of which 30 
received the CYPHER Stent and 15 received an alternative formulation sirolimus-eluting stent. After the procedure, patients were 
treated with aspirin indefinitely and with clopidogrel for 2 months. Angiographic follow-up was performed at 4, 12 and 24 months, or 
at 6 and 18 months, depending on the site. Angiographic follow-up is available for 24 patients, and IVUS follow-up is available for 15 
patients. Clinical follow-up is available through 2 years. 

Demography: Patients had a mean age of 58 years, there were 36% females, and 13% had diabetes. 51% of the lesions treated 
were in I^D, 22% were in the LCX, 27% were in the RCA, mean reference vessel diameter was 2.9 mm, mean minimum lumen 
diameter was 0.95 mm, mean percent diameter stenosis was 67%, and 27% of patients had a lesion length < 10 mm and 73% of 
patients had a lesion length between 10 and 18 mm. Note: llb/llla inhibitor usage was not monitored during this study. 

Methods: Baseline clinical and angiographic data were collected on standardized case report fonms. Angiographic and IVUS 
outcomes were assessed by quantitative analysis at designated central laboratories. An independent Clinical Events Committee 
adjudicated clinical events. 



Results: At 18 to 24 months following elective CYPHER Stent placement in native coronary denovo lesions, in-stent mean % 
diameter stenosis ranged from 1.4% to 3.2%, and mean in-stent late loss ranged from -0.09 mm to O.20 mm. Mean obstructive 
volume by IVUS ranged from 2.3% to 7.5%. The overall MACE rate at 24 months was 10%. 



Table 8-4: First-in-Man: Effectiveness and Safety Results 
All Patients Treated with CYPHER Stent 


Effectiveness Measures 


CYPHER Stent (N=30 Patients, N=30 Lesions) 


Procedure Success (QCA) 


100.0% (30/30) 


% Diameter Stenosis 

18 Months (The Nethertands) 

24 Months (Brazil) 
In-Stent Late Loss (mm) 

18 Months (The Nethertands) 

24 Months (Brazil) 
Obstruction Volume (%) 

18 Months (The Nethertands) 

24 Months (Brazil) 


3.2% + 13.1% (10) 
1.4% +5.9% (14) 

0.20 + 0.24(10) 
-0.09+0.24(14) 

2.3% +2.1% (7) 
7.5% + 7.3% (8) 


24-month Target Lesion Revascularization (TLR) 


3.3% (1/30) 


Safety Measures 




In-Hospital MACE Events 

Out-of-Hospital MACE Events to 24 months 

Combined (In and Out-of-Hospital) MACE to 24 months 


6.7% (2A30) 
3.3% (1/30) 
10.0% (3/30) 


Numbers are % (counts available field sample size) or Mean + Standard Deviation. 

Procedure Success - The attainment of a final in-stent diameter stenosis of <50% (by QCA) in the absence of death, emergent CABG, 

Myocardial Infarction, or TLR prior to hospital discharge. 
QCA - Quantitative Coronary Angiography by Corelab 

MACE is a composite endpoint comprised of deaths, WHO-defined non Q-wave myocardial infarction, Q-wave myocardial infarction, or target 
lesion revascularization. 



9. Individualization of Treatment 

See also Precautions- 5.5 Use in Special Populations and Precautions- 5.6 Lesion/Vessel Characteristics. 



The risks and benefits described above should be considered carefully for each patient before use of the CYPHER Stent. Patient selection 
factors to be assessed should include a judgment regarding the risk of prolonged anticoagulation. Stenting is generally avoided in those 
patients at heightened risk of bleeding (e.g., those patients with recently active gastritis or peptic ulcer disease, see Section 3 - 
Contraindications). 

Premorbid conditions that increase the risk of a poor initial result and the risks of emergency referral for bypass surgery (diabetes mellltus, 
renal failure, and severe obesity) should be reviewed. The relation of baseline and procedural variables to Major Adverse Cardiac Events 
(MACE) was examined. Multivariable modeling suggested that treatment assignment remained an independent predictor of clink^l and 
angiographic outcomes even after adjusting for other baseline and procedural confounding variables. 

10. Patient Counseling Information 

Physicians should consider the following in counseling patient about this product: 
Discuss the risks associated with stent placement 
Discuss the risks associated with a sirolimus-eluting implant 
Discuss the risks/benefits issues for this particular patient 

Discuss alteration to current lifestyle immediately following the procedure and over the long term. 

11. How Supplied 

STERILE: This device is sterilized with ethylene oxide gas and is nonpyrogenic. Do not use if the package is opened or damaged. 
For one use only. Do not resterilize. 

CONTENTS: One (1) CYPHER Sirolimus-eluting Coronary Stent on RAPTOR Over-the-Wire Delivery System or RAPTORRAtL Rapid 
Exchange Delivery System. 

STORAGE: Store in a cool, dark, dry place. Store at 25"»C (77°F); excursions permitted to 15-30<C (59 - 86'*F). 



12. Operator's Manual (Combined OTW and RX) 

12.1. Access to Package Holding Sterile Stent Delivery System 

Tear open the foil pouch to remove the product that is packaged in a coiled hoop and tray. Pass or drop the product into the sterife 
field using an aseptic technique. 

12.2. Inspection Prior to Use 

Before opening, carefully inspect the stent delivery system package, and check for damage to the sterile barrier. Prior to using the 
device, carefully remove the system from the package and inspect it for bends, kinks, and other damage. Do not use the device if 
any damage to the packaging is noted. 

12.3. Materials Required 



Quantity Material 

N/A Appropriate guiding catheter(s) 

2-3 10-20 cc syringes 

1 ,000 u /500 cc Sterile Heparinized Normal Saline (HepNS) 

1 0.014" (0.36 mm) diameter guidewire (OTW: 300 cm tong) 

1 Rotating hemostatic valve with an appropriate internal diameter 

(OTW: min. I.D. of 0.074" f1 .9 mm]) 

(RX: min. I.D. of 0.096" [2.4 mm]) 

N/A Contrast diluted. 1:1 with normal saline 

1 Inflation device 

1 Stopcock (3-way minimum) 

1 Torque device 

1 Guidewire Introducer 

N/A Appropriate anticoagulation and anti-ptatelet drugs 



12.4. Preparation 
Precaution 

AVOID manipulation of the stent during flushing of the guidewire lumen, as this may disrupt the placement of the stent on 
the balloon. 

DO NOT apply negative or positive pressure to the balk>on during the delivery system preparation. 

12.4.1. Rinse the catheter with sterile heparinized normal saline solution. 

12.4.2. Guidewire Lumen Flush 



OTW 


1. Locate the guidewire lumen hub and flush the guidewire lumen with HepNS. 


RX 


1. Attach the syringe with HepNS to the flushing needle packaged with the catheter. 

2. Insert the needle into the tip of the catheter and flush the guidewire lumen with HepNS. 



12.4.3. Delivery System Preparation 

Step Action 

1 . Prepare the inflation device or syringe with diluted contrast medium. 

2. Attach the inflation device or syringe to the stopcock; attach to the balloon inflation port hub. 

3. Open the stopcock to stent delivery system. 

4. Leave the inflation device or syringe on neutral. 

12.5. Delivery Procedure 
Step Action 

1. Prepare the vascular access site according to standard practice. 

2. Predilate the lesion with a PTCA catheter. Limit the longitudinal length of pre-ditatation by the PTCA balloon to avoid 
creating a region of vessel injury that is outside the boundaries of the CYPHER Stent 

3. Maintain neutral pressure on the inflatbn device. Open the rotating hemostatic valve as widely as possible. 

4. Backload the delivery system onto the proximal portion of the guidewire while maintaining the guidewire position 
across the target lesion. 

5. Advance the stent delivery system over the guidewire to the target lesion. Use the radiopaque balloon markers to 
position the stent across the lesion; perform angiography to confirm the position of the stent. 



Note: Should unusual resistance be felt at any time during either lesion access or removal of the stent delivery 

system before stent implantation, the entire system should be removed as a single unit See Precautions - 5.14 Stent/System 

Removal Precautions for specific stent delivery system removal instnictions. 

12.6. Deployment Procedure 
Step Action 

1 . Before deployment, reconfirm the correct position of the stent relative to the target lesion via the radiopaque balloon 
markers. 

2. Attach the inflation device (only partially filled with contrast media) to a three-way stopcock and apply negative 
pressure to purge the balloon of air. 

3. Turn the stopcock on the catheter to the off position and purge the inflation device of air. Close the side port of the 
stopcock. 

4. Under fluoroscopic visualization, inflate the balloon to at least the nominal pressure to deploy the stent, but do not 
exceed the labeled rated burst pressure of 16 atm (1621 kPa). Optimal expansion requires the stent to be in full 
contact with the artery wall, with the stent internal diameter matching the size of the reference vessel diameter. 
Stent wall contact should be verified through routine angiography or intravascular ultrasound. 

5. Fully cover the entire lesion and balloon treated area (including dissections) with the CYPHER Stent, allowing for 
adequate stent coverage into healthy tissue proximal and distal to the lesion. 

6. If more than one CYPHER Stent is needed to cover the lesion and balloon treated area, adequately overiap stents, 
taking into account stent foreshortening. Ensure no gaps between stents by positioning the balloon marker bands of the 
second CYPHER Stent inside the deployed stent prior to expansion. See Precautions - 5.14 Stent/System Removal 
Precautions. 

7. Deflate the balloon by pulling a vacuum with the inflation device. Make certain that the balloon is fully deflated 
before attempting to move the catheter. 

8. Confirm that the stent is adequately expanded by angiographic injection through the guiding catheter. 



12.7. Further Dilatation of Stented Segments 

Precaution: Do not dilate the stent beyond the following limits: 



Nominal Stent Diameter 

2.50 mm - 3.00 mm 
3.50 mm 



Dilatation Limits 

3.75 mm 
4.75 mm 



All efforts should be taken to assure that the stent is not underdilated. If the deployed stent size is still inadequate with respect to 
vessel diameter, or if full contact with the vessel wall is not achieved, a larger balloon may be used to expand the stent further. The 
stent may be further expanded using a low profile, high pressure, and non-compliant balloon catheter. If this is required, the stented 
segment should be recrossed carefully with a prolapsed guidewire to avoid dislodging the stent. The balloon should be centered 
within the stent and should not extend outside of the stented region. 

12.8. Removal Procedure 
Step Action 

1 . Ensure that the balloon is fully deflated. 

2. While maintaining the guidewire position and negative pressure on the inflation device, withdraw the stent delivery 
system. 

Note: Should unusual resistance be felt at any time during either lesion access or removal of stent delivery system 
before stent implantation, the entire system should be removed as a single unit. See Precautions - 5.14 Stent/System 
Removal Precautions for specific stent delivery system removal instructions. 

3. Repeat angiography to assess the stented area. If an adequate expansion has not been obtained, exchange back 
to the original stent delivery catheter or exchange to another balloon catheter of appropriate balloon diameter to 
achieve proper stent apposition to the vessel wall. 

4. The ftnal stent diameter should match the reference vessel. ASSURE THAT THE STENT IS NOT UNDERDILATED. 



12.9. In-vitro Information 



Table 12-1 Inflation Pressure Recommendations 



Inflation Pressure 
atm (kPa) 



6 (608) 

7 (709) 
8(811) 
9(912) 
10(1013) 



2.20 
2.27 
2.33 
2.39 
2.45 



2.44 
2.51 
2.58 
2.64 
2.70 



2.71 
2.78 
2.84 
2.90 
2.95 



3.20 
3.27 
3.33 
3,39 
3.45 



12(1216) 
13(1317) 
14(1419) 
15(1520) 



2.55 
2.59 
2.62 
2.66 



2.80 
2.84 
2.88 
2.92 



3.05 
3.09 
3.13 
3.16 



3.55 
3.60 
3.64 
3.69 



17 (1723) 

18 (1824) 

19 (1925) 

20 (2026) 



2.71 
2.73 
2.74 
2.75 



2.98 
3.00 
3.02 
3.03 



3.22 
3.24 
3.25 
3.27 



3.79 
3.82 
3.85 



Note: These nominal, In vitro, device specifications do not take into account lesion resistance. The stent sizing should be 
confirmed angiographicalty. Do not exceed the rated burst pressure (RBP). These data are based on in vitro testing at 37°C. Bolded 
text represents diameters at pressures above the rated burst pressure. These values are within + 10% of the labeled diameter 
between the nominal pressure and the rated burst pressure. 



13. Patient Information 

In addition to this Instmctions for Use booklet, the following patient specific information regarding the CYPHER Sirolimus-eluting Coronary 
Stent is available: 

A Patient Implant Card that includes both patient and CYPHER Sirolimus-eluting Coronary Stent specific information. All patients will 
be expected to keep this card in their possession at all times for procedure / stent identification. 

A Patient Information Guide, which includes information on the implant procedure, and the CYPHER Sirolimus-eluting Coronary 
Stent System. 

14. Patents 

Protected under one or more of the following U.S. patent Nos.: 4,597.755; 4,733,665; 4,739,762; 4,748,982; 4.775,371; B1 4,776,337; 
4 782,834; 4,906,244; 4,927,418; 4.938,220; 4,981 ,478; 5,017,325; 5,040.548; 5,061.273; 5,102,417; 5,108,415; 5,135,535; 5.154.725; 
5'l56*612* 5,176,661; 5,223.205; 5.234,416; 5.236,659; 5,242,396; 5,288,711; 5.290,230; 5,300,025; 5,300,085; 5,304,197; 5,316,706; 
5'346,505; 5.350.395; 5,356.591; 5,387.193; 5.413,559; 5.433.713; 5.439.447; 5,449.371; 5.451.209; 5.451.233; 5,458,613; 5.480.383; 
5!496!275; 5.496,346; 5,498,240; 5.501.227; 5,516,781; 5,538,510; 5.554,121; 5,563.146; 5,585,057; 5.626,600; 5,643.279; 5.643,312; 
5!646!l60; 5.665.728; 5,685.312; 5.697.971; 5,709,658; 5,738.653; 5.743,875; 5.749.888; 5.769.868; 5,807.355; 5.868,706; 5,879,370; 
5!902i332; 6,010,521; 6.013,069; 6,027.475; 6,036,715; 6,086,604; 6.1 10.142 and other patents pending in the U.S. and other countries. 



15. DISCI-AIMER OF WARRANTY AND LIMITATION OF REMEDY 

THERE IS NO EXPRESS OR IMPLIED WARRANTY, INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTY OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, ON THE CORDIS PRODUCT(S) DESCRIBED IN THIS 
PUBLICATION. UNDER NO CIRCUMSTANCES SHALL CORDIS BE LIABLE FOR ANY DIRECT, INCIDENTAL, OR CONSEQUENTIAL 
DAMAGES OTHER THAN AS EXPRESSLY PROVIDED BY SPECIFIC LAW. NO PERSON HAS THE AUTHORITY TO BIND CORDIS TO 
ANY REPRESENTATION OR WARRANTY EXCEPT AS SPECIFICALLY SET FORTH HEREIN. 

Descriptions or specifications in Cordis printed matter, including this publication, are meant solely to generally describe the 
product at the time of manufacture and do not constitute any express warranties. 

Cordis Corporation will not be responsible for any direct, incidental, or consequential damages resulting from reuse of the product. 
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Cordis Sales / Marketing Offices: 
Austria: 

Johnson & Johnson Medical Products GmbH 
Cordis Division 
Gunoldstrasse 16 
A-1190 Wien 
Telephone 01-360 25-0 

Belgium: 

Cordis, a Johnson & Johnson Company, 
Johnson & Johnson Medical N.V./S.A. 
Eikelenbergstraat 20 
B-1700 Dilbeek 
Telephone 02-481 74 00 

Canada: 

Johnson & Johnson Medical Products 
200 Whitehall Drive 
Markham. Ontario 
Canada L3R 0T5 
Telephone 905-946-161 1 

European HQ: 

Cordis, a Johnson & Johnson Company. 
Johnson & Johnson Medical N.V./S.A., 
Waterloo Office Park, Building H 
Dr6ve Richelle 161 
B-1410 Waterloo 
Belgium 

Telephone 02-352 14 11 

France: 

Cordis S.A.S, 

1 Rue Camiile Desmoulins 

TSA 71001 

F-92787 Issy les Moullneaux Cedex 9 
Telephone 01 55 00 33 00 

Germany: 

Cordis Medizinische Apparate GmbH 
Etisabeth-Selbert-StraBe 4a 
D-40764 Langenfeld 
Telefon 02173 205-0 

Hong Kong: 

Johnson & Johnson Hong Kong, Ltd, 
Medical Division 
Room 1816-1819, 18/F 
Grand Century Place, Tower 1 
193, Prince Edward Road West 
Mongkok. Kowloon 
Telephone 2738 2818 

Italy: 

Cordis Italia S.p.A. 
Via Chiese, 74 
1-20126 Milano 
Telephone 02-64410.1 



The Netherlands: 

Johnson & Johnson Medical BV 
Postbus 188 
NL-3800AB Amersfoort 
Telephone 033-450 0729 

Portugal: 

Johnson & Johnson Produtos Profissionais 
Estr. Consiglieri Pedroso N° 69-A 
Queluz de Baixo 
PT-2745-555 Barcarena 
Telephone 800 200 246 

Spain: 

Johnson & Johnson S.A. 
Paseo de las doce Estrellas, 5-7 
Campo de las Naciones 
E-28042 Madrid 
Telephone 91 722 8000 

Sweden: 

Johnson & Johnson AB 
Staffans vag 2 
SE-191 84 Sollentuna 
Telephone 08-626 22 00 

Switzerland: 

Johnson & Johnson AG 
Cordis Division 
Rotzenbuhlstrasse 55 
CH-8957 Spreitenbach 
Telephone 056-417 3207 

United Kingdom: 

Cordis, a Johnson & Johnson Company 
Johnson & Johnson Medical Ltd. 
Coronation Road, South Ascot 
Berkshire SL5 9EY 
Telephone 01344 871000 

USA: 

Cordis Corporation 
P.O. Box 025700 
Miami, PL 33102-5700 
Telephone 786-313-2000 
Customer Service: 1-800-327-7714 

Cordis Corporation 
P.O. Box 4917 
Warren, NJ 07059-0917 
Telephone 908-755-8300 



Cordis Operations: 

The Netherlands: 

Cordis Europa N.V. 
Oosteinde 8 
NL-9301 LJ Roden 
Telephone 050-5022222 

USA: 

Cordis Corporation 
P.O. Box 025700 
Miami, FL 33102-5700 
Telephone 786-313-2000 

EU Authorized Representative: 

Cordis Europa N.V. 
Oosteinde 8 
NL-9301 LJ Roden 
Telephone 050-5022222 



® 



RECYCLED 

100% Recycled Fibers 

Including 20% 

Post Consumer Waste 



Japan: 
Cordis Japan 
Johnson & Johnson K.K. 
East 21 Tower 10th Floor 
6-3-2 Toyo, Koto-ku 
Tokyo 135-0016 
Telephone 03-5632-7200 



10056733-3 



Introduction 



You have an important role to play in 
order to ensure that your procedure will be 
successftd. Thoroughly read this booklet, 
cooperate with your physician and foUow 
through with your responsibilities as part 
of the patient/medical team. 
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AHP98970 N5 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: WYETH 

In re: U.S. Patent No. 5,563,146 

Issued: October 8. 1996 

Titled: METHOD OF TREATING HYPERPROLIFERATIVE VASCULAR DISEASE 

Inventors: RANDALL E. MORRIS and CLARE R. GREGORY 
Customer Number: 25291 

APPLICATION FOR PATENT TERM EXTENSION UNDER 35 U.S.C. §156 

POWER OF ATTORNEY 

Wyeth, the assignee of record of the above-identified patent hereby appoints: 

Thomas S. Szatkowski 
Registration No. 28,049 

Wyeth 

Five Giralda Farms 
Madison, NJ 07940 
(973) 660-7649 

as its attorney to transact all business in the United States Patent and Trademark Office in 
connection with the Application for Patent Term Extension. 

Wyeth 




RECEIVED 



Gale Matthews 

Assistant Secretary JUN 2 4 2003 
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